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PREFACE  TO  THE  FIRST  EDITION. 


Not  many  years  ago  the  works  on  Goal-Mining  were  few,  and  in 
most  instances  so  expensive  as  to  be  beyond  the  reach  of  the  ordinary 
student  or  practical  miner.  This  state  of  affidrs  has  been  to  a  large 
extent  remedied  of  recent  years  by  the  issue  of  several  works  of  more 
moderate  dimensions  and  price.  Between  the  small  elementary  text- 
book and  the  still  large  and  comparatively  costly  work  of  reference, 
however,  there  yet  remains  a  considerable  gap,  which  it  has  been  the 
Author^s  endeavour  in  this  volume  to  filL  The  b^  authorities 
have  been  freely  consulted  and,  with  due  acknowledgment^  laid  under 
contribution;  while  the  latest  methods  of  working  and  the  most 
modem  machinery  have  been  described,  with  the  object  of  presenting 
an  up-to-date  account  of  the  important  industry  under  consideration. 

Since  the  publication  of  the  excellent  treatise  by  Jonathan  Hyslop, 
thirty  years  ago,  no  text-book  dealing  to  any  extent  with  Scottish 
practice  has,  so  far  as  the  Author  is  aware,  been  published.  As  his 
experience  has  been  gained  largely  in  Scotland,  he  has  attempted  to 
remedy  this  omission,  and  it  is  to  this  that  the  occasional  occurrence 
of  a  few  Scotch  words  or  phrases  must  be  attributed,  although  these 
have  been  avoided,  as  far  as  possible,  when  reference  is  made  to 
methods  prevailing  elsewhere.  Less  attention  has  been  paid  to 
literary  style  and  elegance  than  to  the  production  of  a  thoroughly 
practical  and  plainly  worded  text-book,  designed  not  only  to  aid 
those  endeavouring  to  qualify  themselves  for  positions  as  colliery 
managers  and  other  responsible  officials,  but  also  as  a  daily  guide 
and  reference-book  for  all  engaged  in  and  about  the  Collieiy. 

The  Author  gratefully  expresses  his  indebtedness  to  other  sources, 
which,  except  in  oases  where  a  difficulty  in  tracing  the  authorship 
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was  experienced,  he  has  acknowledged  in   the  text.     The  works 

of  Hughes  on  Goal  Mining,  and  of  Foster  on  Ore  and  Stone  Mming, 

have  been  quoted,  and  a  few  of  the  illustrations  have  been  borrowed 

from  those  works. 

The  Author  lias  further  to  acknowledge  the  kind  assistance  of 

Mr  John  Dodds,  who  helped  to  prepare  many  of  the  drawings  for  the 

work.     He  also  desires  to  express  his  thanks  to  the  publishers  for 

the   pains  they   have  taken  botli    m    regards  the  text  and   the 

illustrations. 

a  L.  KERli. 

Bo'ness,  N.B.,  September,  1900. 


NOTE  TO  FOURTH  EDITION. 


In  issuing  this  new  edition  advantage  has  been  taken  to 
thoroughly  revise  and  extend  the  work.  Over  forty  pages  of  new 
matter  have  been  introduced,  and  the  whole  rearranged.  A 
considerable  number  of  new  illustrations  have  been  added,  while 
at  the  same  time  a  number  included  in  former  editions  have 
been  deleted  owing  to  their  having  become  obsolete  in  modem 
mining  practice.  With  the  additions  and  improvements  that  have 
been  made  in  the  present  edition,  the  author  hopes  that  its  use- 
fulness will  be  correspondingly  increased. 

G.  L,  K. 

Glasoow,  Odober  1905. 
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CHAPTEB  I. 

THE  SOURCES  AND  NATURE  OF  COAL. 

• 
Introductory. — The  art  of  mining  and  science  of  geology  are  bo 
closely  related  that  it  has  become  almost  impossible  to  write  a 
treatise  on  the  former  without  referring  to  the  latter.  Text-books 
on  coal-mining  are  therefore  usually  prefaced  by  a  short  introductory 
chapter  on  geology,  and  the  present  volume  will,  in  this  respect^ 
^  conform  to  established  custom. 
0  The  earth  is  composed  of  mineral  matter  in  various  combinations 

3  which  are  included  under  the  general  term  of  rock.  It  is  an  oblate 
^  spheroid  in  shape — that  is,  a  sphere  which  has  been  flattened  at  the 
poles.  It  was  at  one  time  supposed  to  consist  of  a  hard,  solid, 
outer  crust  10  or  12  miles  thick,  and  an  interior  of  molten  material 
j9  at  a  very  high  temperature.  This  theory  was  deduced  from  the 
^-  increase  in  temperature  observed  in  subterranean  workings,  and  from 
1 7  .  the  fact  that  molten  lava  is  thrown  out  by  volcanoes  during  eruption ; 
iS  {  but,  according  to  Lord  Kelvin,  it  is  much  more  probable  that  the 
earth  is  a  rigid  mass  from  surface  to  centre  with  the  properties  of  a 
solid. 

Definition  of  the  term  Bock.* — "  A  rock  may  be  defined  as  a  mass 

of  matter  composed  of  one  or  more  simple  minerals,  having  usually 

a  variable  chemical  composition  with    no   necessarily  symmetrical 

194       external  form,  and  ranging  in  cohesion  from  mere  loose  debris  to  the 

174       most  compact  stone.      Granite,  sandstone,  mud,  peat,  etc.,  are  all 

i7&       recognised  as  rocks." 

i^^  idvision  of  Bocks. — Rocks  are  divided  into  three  classes,  viz., 

jgQ       aqueous,  igneous,   and  metamorphic:  or  into  two,   stratified  and 
^53       unstratified. 

486  Aqueous  rocks  are  those  which  have  been  deposited  where  we  now 

^^^       find  them,  by  the  agency  of  water.     They  are  generally  in  layers  or 
|g3    *  beds  lying  parallel  to  each  other,  and  are  often  termed  sedimentary 

.g5  *  Text-hook  of  Otology ^  p.  67,  by  Sir  Archibald  Geikie. 
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rocks  or  deposits.  Igneous  rocks  are  those  which  have  been  subjected 
to  the  action  of  heat  and  retain  no  traces  of  stratification  or  bedding. 
Metamorphic  rocks  are  rocks  in  which  a  crystalline  rearrangement  of 
the  materials  has  taken  place.  They  are  sometimes  called  altered 
rocks.  Marble  is  one  of  the  best  and  most  representative  specimens 
of  a  rock  of  this  class. 

Aqueotis  or  sedimentary  rocks  are  deposited  in  definite  layers  or 
beds,  this  arrangement  being  termed  siratiflcation.  When  the 
deposits  form  very  thin  layers  Buch  as  occur  in  shale,  they  are  said 
to  be  laminated. 

Cleavage. — Cleavage  is  the  term  applied  to  the  tendency  of  rocks 
and  minerals  to  split  along  certain  planes  other  than  those  of 
stratification,  which  occurs  in  stratified  rocks  and  which  tends  to 
break  the  rock  up  into  more  or  less  cubical  blocks.  Generally  when 
a  rock  is  much  intersected  by  cleavage  planes,  it  loses  its  property  of 
splitting  along  the  bedding  planes.  Cleavage  planes  are  said  to  be 
due  to  great  pressure. 

Inclination  of  Strata. — The  strata  which  compose  the  crust  of  the 
earth  were  no  doubt  deposited  in  horizontal  layers ;  but  only  limited 
areas  are  now  found  in  that  position.  In  all  parts  of  the  world  beds 
of  rock  are  usually  inclined  at  a  greater  or  less  *  angle  of  dip '  to  the 
horizon,  hence  they  usually  come  to  the  sui*face  at  some  point,  and 
when  this  happens  it  is  termed  the  outcrop  of  the  bed.  In  flat, 
low-lying  stretches  of  country  few  outcrops  may  be  seen,  while  in 
hilly  country,  especially  where  the  district  is  intersected  by  ravines 
and  river-courses,  the  strata  may  be  seen  to  outcrop  frequently.  It 
is  in  such  positions  that  rocks  can  be  most  easily  and  advantageously 
studied. 

Dip, — If  a  bed  of  rock  be  inclined  to  the  horizon  it  is  said  to  dip ; 
the  point  of  the  compass  to  which  it  inclines  is  called  the  direction  of 
dipj  and  the  angle,  or  degree  of  deviation,  which  the  strata  make  with 
the  horizon  is  termed  the  amount,  or  angle  of  dip.  This  angle  is 
expressed  in  degrees,  and  is  usually  measured  by  an  instrument 
called  the  clinometer. 

Strike.— The  prolongation  of  the  strata  in  a  line  of  bearing  at  a 
right  angle  to  the  dip  is  called  the  strike.  Thus,  if  the  dip  be  due 
north  and  south,  the  strike  will  be  due  east  and  west.  Sometimes 
the  strike  and  outcrop  coincide,  as  in  the  case  of  vertical  beds,  but 
more  usually  it  varies  with  the  stratigraphical  contour  of  the  beds. 

Anticlinal  and  Synclinal, — In  many  parts  of  the  world  the  strata 
are  contorted  and  bent  into  folds.  The  French  and  Belgian  coal-fields 
furnish  examples  of  such  distortion.  Where  the  strata  dip  away 
from  an  axis  so  as  to  form  an  arch  or  saddle,  they  are  termed 
*  anticlinal.*  Where  they  dip  towards  an  axis,  forming  a  trough  or 
basin,  they  are  called  ^synclinal*  (see  fig.  1). 

Dislocations,  Faults,  and  Dykes. — Rocks  are  liable  to  many  dis- 
turbances and  to  fracture.     Such  fractures  may  be  either  simple 
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fissures  or  rents  in  the  rocks  without  wny  displacement  on  either  side 
fJoiiUt),  or  the  strata  may  have  a  greater  or  leas  amount  of 
displacement  {/aullt).  In  the  largest  proportion  of  oases  there  are 
both  fracture  and  displacement  in  the  beds,  the  rents  becoming  both 
'fissures'  and  'faults'  (see  fig.  2).     Faults  may  vary  in  width  from 


jKiU&jtKT    tfM^ml 


Fio.  2.— Fault 

mere  sharply  defined  lines  with  very  little  displacement  up  to  gaps 
of  many  yards  in  width  and  hundreds  of  yanis  displacement  All 
the  British  coal-fields  are  traversed  by  many  of  these  faults,  the 
main  faults  in  nearly  all  cases  running  almost  due  east  and  west. 
Sometimes,  however,  faults  branch  off  or  run  into  one  another.  The 
inclination  which  a  fault  makes  with  the  vertical  is  termed  the  hade, 
and  the  line  of  fracture  the  vee*  of  a  fault.  The  degree  of  vertical 
displacement  is  known  as  the  amount  of  tkroiB.  Faults  are  sometimes 
vertical,  but  are  generally  inclined.  The  largest  faults,  i.e.  those 
which  have  the  greatest  vertical  displacement,  commonly  slope  at 
high  angles.  Those  of  only  a  few  feet  displacement  may  be  inclined  at 
angles  as  small  as  18°  or  20°  from  the  horizon,  but  this  is  exceptional. 
A  fault  is  termed  a  down-thrown  fault  if  the  observer  is  looking 
from  the  higher  to  the  lower  level  of  displacement ;  and  an  up-throw 
fault  if  in  the  opposite  direction.  Faults  may  be  either  Normal, 
Reoened  (fig.  3),  or  Overlap,  Trough  (fig.  4),  or  Step  Fault*.     When 


Fio.  S.— Beveraad  Fault  Fio.  4.— Trongh  Fault 

parallel  faults  run  in  the  direction  of  the  strike,  and  have  their 
down-throw  with  the  dip,  this  tends  to  prevent  certain  outcrops  from 
appearing.  On  the  other  hand,  a  succession  of  step  faults,  with 
down-throws  i^inat  the  dip,  may  cause  the  same  beds  to  crop  out 
again  and  again,  and  hence  be  mistaken  for  a  number  of  different 
seams.  Wben  a  bed  has,  from  some  cause,  had  a  portion  denuded 
or  worn  away,  it  is  known  as  a  dwmb  fault,  or  roaeiroai.  The  acti«n 
of  water  is  the  most  frequent  cause  of  a  wash-out. 
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The  term  dyke  is  often  confused  with  the  term,  fault  by  miners, 
and  taken  to  mean  the  same  thing. 

When  a  fault  occurs  there  is  displacement  of  the  strata;  but  a 
dyke  is  usually  unaccompanied  by  any  displacement.  Dykes  are  wall- 
like masses  of  rock  which  ti-averse  strata  in  succession  from  unknown 
depths  'and  appear  in  many  instances  at  the  surface.  They  usually 
consist  of  baaalt  or  allied  rock,  and  are  of  volcanic  origin,  having 
apparently  been  *  intruded'  while  in  a  liquid  state  into  fractures. 
Dykes  affect  very  materially  the  quality  of  the  coal  intersected  by 
them,  which  is  *  burnt  *  into  a  soft,  cindery,  and  sooty  state,  or  altered 
into  a  hard  and  incombustible  substance.  The  distance  that  the 
coal-seam  is  affected  on  either  side  of  a  dyke  is  usually  about  two-thirds 
of  its  width.  Dykes  vary  in  width  from  less  than  a  foot  to  70  ft. 
and  upwards.  It  is  not  unusual  for  them  to  run  in  nearly  straight 
courses  for  many  miles.  Sometimes  they  occur  along  the  lines  of  a 
fault,  but  very  often  they  are  unconnected  with  faults  in  any  way. 
Frequently  they  are  found  to  cross  faults  without  being  in  the  least 
deflected  out  of  their  course  thereby. 

Bivision  of  Bocks  into  Groups. — The  rocks  forming  the  crust  of 
the  earth  in  the  British  Isles  have  been  divided  into  live  main  groups. 
They  are  disposed  in  the  following  order : 

r.    i,       t>i.fn_4^'—       f  Recent  and  Pre-historic. 

Quaternary  or  Post-Tertiary     |  pleistocene. 

(Pliocene. 
\f  iocene 
Oligocene. 
Eocene. 

{Cretaceous. 
Jurassic. 
Triassic. 

i  Permian. 
Carboniferous. 
Devonian  and  Old  Red  Sandstone. 
Silurian. 
Cambrian. 

{Primitive  Schists. 
Gneiss  and  other  Crystalline  Rocks. 


ArchBean  or  Azoic 


Coal-measures. — The  formation  which  has  the  greatest  interest 
for  the  coal-miner  in  this  country  is  the  Carboniferous,  for  it  is  in 
this  formation  that  coal  is  found  most  abundantly.  It  consists  of 
three  divisions  of  strata,  viz.  : — Coal-measures,  Millstone  Grit,  and 
Carboniferous  Limestone. 

The  upper  division  or  Coal-measures  are  the  strata  where  coal- 
seams  are  most  abundantly  found.  In  the  English  coal-fields, 
very  few  workable  seams  are  found  below  these  measures.  The 
millstone  grit  is  usually  composed  of  coarse  yellow  sandstones, 
flagstones,  shales,  and  a  few  thin  seams  of  coal.  In  the  Scotch 
coal-fields  valuable  seams  of  coal  and  ironstone  are  found  below  the 
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millstone  grit.      In  the  Carhoniferous  formation  -of  Scotland,   the 
following  four  divisions  are  made : — 


Goal-measures 


Carboniferous 
Limestone 


'  Consisting  of  (a)  an  upper  series  of  red  and  purple  sandstones 
and  shales  enclosing  thin  coal-seams,  and  (in  Ayrshire  and  Fife- 
shire)  thin  limestone  bands  ;  {b)  the  productive  coal-messureSi 
consisting  of  white  and  grey  sandstones,  shales,  coals,  fireclays, 
and  ironstones,  but  no  limestone. 

Millstone  Grit  (  Coarse  thick  sandstones  with  shales,  fireclays,  thin  seams  of  coal, 
or  Moor  Rock  \     clayband  ironstone,  and,  occasionally,  beds  of  limestone. 

^  This  series  is  often  sub-divided  into  (a)  thick  sandstones  and  beds 
of  shale  with  three  varieties  of  limestones  and  some  coals  ;  (d) 
a  gix)up  of  ordinary  coal-measures  very  similar  to  the  upper 
coal-measures,  and  containing  valuable  seams  of  coal  and  iron- 
stone, but  no  limestone  ;  (e)  sandstones,  limestones,  shales, 
with  some  coals  and  ironstones. 

> 

(This  series  may  be  sub-divided  into  (a)  the  upper  group,  consisting 
of  sandstones,  shales,  oil  shales,  some  veiy  inferior  coals,  iron- 
stones, and  limestones ;  (b)  the  beds  lying  below,  extending  to 
the  base  of  the  carboniferous  rocks. 

It  will  be  seen  from  the  above  that  the  coal-measures  in  Scotland 
differ  greatly  from  those  of  England,  inasmuch  as  a  large  proportion 
of  the  coal  in  the  Scotch  coal-fields  is  found  below  the  millstone  grit, 
while  in  the  English  coal-fields  very  few  valuable  seams  are  met 
with  below  that  formation. 

Coal  found  in  other  Formations. — It  has  been  shown  that  coal 
is  most  abundantly  found  in  the  Carboniferous  strata,  but  it  is  not 
entirely  confined  to  that  formation,  being  often  found  in  others — 
although  such  coal  is  seldom  of  much  value  compared  with  that  of 
the  coal-measures— both  above  and  below  the  Carboniferous  forma- 
tion. In  New  South  Wales  coal  is  got  from  the  Devonian  series  of 
rocks ;  at  Bonn,  in  Germany,  and  at  Bovey  Tracey,  in  Devonshire,  the 
coal-beds  are,  presumably,  of  Miocene  age ;  the  brown  coals  of  New 
Zealand  and  Australia  are  believed  to  be  late  Tertiary  deposits,  while 
at  Brora,  in  the  North  of  Scotland,  coal  is  found  in  the  Jurassic  formation. 
Nearly  all  these  are,  however,  lignites  as  distinguished  from  the  true 
coals  found  in  the  Carboniferous  formation. 

Rocks  and  Minerals  associated  with  Coal, — Coal  when  found  is 
generally  associated  with  sandstones,  shale  or  blaes — known  amongst 
miners  as  bind — limestone,  fireclay,  ganister,  ironstones,  iron  pyrites, 
and  in  Scotland,  oil-shales.  Most  coal  seams  rest  on  a  bed  of  fire- 
clay ;  in  some  districts  this  under-bed  takes  the  form  of  ganister. 

Formation  of  Coal-fields. — It  is  a  noticeable  characteristic  of 
coal-fields  that  they  take  the  form  of  a  basin,  dipping  from  all  sides 
towards  a  central  axis.  Hence  we  get  the  seams  cropping  out 
frequently  at  the  surface,  which  allows  of  large  areas  being  easily 
reached  and  worked.  Were  it  not  that  coal-fields  assume  this  shape 
a  large  part  of  our  coal  supply  would  inevitably  be  foimd  at  too 
great  a  depth  to  be  workable. 
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Origin  of  CoaL-— Regarding  the  origin  of  coal  numerous  theories 
are  held,  one  being  that  it  was  formed  in  the  position  in  which  we 
now  find  it,  and  is  the  product  of  vast  forests  which  grew,  flourished, 
and  decayed  on  the  site  of  our  present  coal-fields.  Another  is  that 
it  was  brought  into  its  present  position  by  what  is  termed  the  *  drift  * 
process,  the  forests  being  supposed  to  have  flourished  and  decayed 
in  one  part  of  the  world,  while  the  accumulated  '  humus '  was  swept 
into  its  present  position  by  the  agency  of  water  or  ice.  While  the 
'drift'  theory  may  explain  the  origin  of  a  few  isolated  deposits, 
there  is  little  doubt  that  the  first  mentioned  theory  is  correct. 

Definition  of  CoaL — Coal  is  a  substance  which  it  is  easier  to 
recognise  than  to  define.  Nearly  everybody  is  familiar  with  the 
appearance  and  uses  of  this  common  mineral,  but  its  definition  is 
attended  with  several  difficulties. 

Dr  Percy  defines  it  as :  "A  solid,  stratified,  mineral,  combustible 
substance,  varying  from  dark  brown  to  black,  opaque,  except  in 
extremely  thin  slices,  brittle,  not  fusible  without  decomposition." 

Sir  Archibald  Geikie  defines  coal  as  :  "  A  compact,  brittle,  velvet- 
black  to  pitch-black,  iron-black,  or  dull,  sometimes  brownish  rock, 
with  a  greyish-black  or  brown  streak,  and  in  some  varieties  a  dis- 
tinctly cubical  cleavage,  in  others  a  conchoidal  fracture.  It  contains 
from  75  to  90  per  cent,  of  carbon  and  a  small  percentage  of  sulphur 
generally  combined  with  iron.  It  has  a  specific  gravity  of  1*2  to 
1  '35,  and  bums  with  comparative  readiness,  giving  a  clear  flame  and 
a  strong  aromatic  or  bituminous  smell,  some  varieties  fusing  and 
caking  into  cinder,  others  burning  away  to  a  mere  white  or  red  ash." 
Or  more  shortly  :  "  Coal  is  composed  of  compressed  and  mineralised 
vegetation." 

Classification  of  CoaL — The  varieties  of  coal  may  be  classified  as — 

(1)  Anthracite,  or  smokeless  coal. 

(2)  Steam,  free  burning,  or  diy  coal. 
(8)  Bituminous,  or  caking  coal. 

(4)  Cannel,  Pfti^ot,  or  gas  coal,  including  the  Boghead  variety  sometimes 

called  Torbanite. 

(5)  Lignite,  or  brown  coal. 

All  these  varieties  have  had  a  common  origin ;  they  are  all  accumula- 
tions of  ancient  vegetation  which  has  undergone  chemical  change 
under  certain  conditions.  In  the  *  lignite*  or  *  brown'  coal  this 
change  has  been  less  complete  than  in  the  others. 

Anthracite,  sometimes  also  called  'blind-'  and  ' stone-' coal,  has 
usually  a  brilliant  black  lustre,  breaks  with  a  conchoidal  fracture, 
and  does  not  soil  the  fingers  when  handled.  It  has  been  supposed 
that  it  has,  at  some  period,  undergone  a  sort  of  natural  coking 
process,  under  the  influence  of  subterranean  heat,  and  that  this  has 
driven  off*  a  large  proportion  of  the  hydrogen,  oxygen,  and  nitrogen 
it  originally  contained.  Anthracite  gives  off  little  or  no  smoke  and 
is  difficult  to  ignite,  but  when  burning  gives  out  intense  heat.     It 
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consistB  almost  entirely  of  carbon,  the  best  qualities  containing  90 
to  95  per  cent,  with  5  to  10  per  cent,  of  hydrogen,  oxygen,  and 
nitrogen. 

Steam  cocU  closely  resembles  bitmninous  coal,  from  which  it 
differs  only  in  being  slightly  harder,  lighter,  and  more  compact.  It 
does  not  cake  when  heated,  however,  and  it  is  practically  smokeless. 
Its  specific  gravity  varies  from  1*27  to  1*30.  On  analysis  it  yields 
approximately  89  per  cent,  of  carbon,  4*5  per  cent,  of  hydrogen, 
3  per  cent,  of  oxygen  and  nitrogen,  and  3*5  per  cent,  of  ash. 

Bituminous  coal,,  also  known  as  */ree  burning,*  ^smoking,*  or  ^flaming 
coaly*  when  ignited,  bums  readily  with  a  yellow  flame,  giving  off 
smoke  freely.  On  heating  it  swells  into  a  pasty,  bitumen-like  mass 
which  ultimately  becomes  solid.  Bituminous  coals  are  misnamed,  as 
they  contain  no  true  bitumen.  There  are  several  varieties  of 
bitiuninous  coal,  which  are  distinguished  according  to  their  mode  of 
burning,  which  depends  chiefly  on  the  relative  proportions  of  carbon, 
oxygen,  and  hydrogen  they  contain.  Steam  coal  approaches  anthra- 
cite in  its  properties.  Dry  or  non-caking  coal  is  another  variety ;  it 
does  not  possess  the  property  of  caking  which  makes  coal  so  valuable 
for  household  purposes.  Non-caking  coals  are  generally  hard  and 
compact)  and  when  in  a  fine  powdery  state  do  not  cohere  when 
heated. 

Oannel  is  generally  classed  as  a  variety  of  bitimiinous  coal, 
although  it  is  not  a  true  coal,  as  it  contains  a  certain  amount  of 
argillaceous  matter,  and  sometimes  even  passes  into  shale  or  iron- 
stone. Cannel  or  gas  coal  differs  a  good  deal  in  appearance  from 
ordinary  bituminous  coal,  being  of  a  dull,  lustreless,  black  colour, 
not  splitting  readily  into  thin  layers,  and  generally  devoid  of  vege- 
table structure  under  the  microscope.  The  best  qualities  of  cannel 
are  of  a  tough  nature  and  can  be  cut  readily  with  a  knife ;  ornaments 
are  frequently  made  from  cannel  of  this  kind.     An  analysis  showed — 

Volatile  matter  (containing  '58  of  Sulphur), 

(Carbon,  49  40 
Coke,  consisting  of  <  Sulphur,        0  '29 

( Ash,  6 '58 

Water,  expelled  at  212*"  Fahr.,   . 


40-28  ] 

[)er  cent. 

56*22 

»} 

3-50 

}f 

100-00 

Cannel  coal  contains  a  comparatively  large  percentage  of  oxygen 
and  hydrogen,  and  it  is  therefore  valuable  for  the  manufacture  of 
coal  gas  or  paraffin  oil,  and  is  only  distinguished  from  the  bituminous 
shales  now  so  extensively  used  in  the  manufacture  of  paraffin  by 
the  much  smaller  proportion  of  ash  which  it  contains.  The  yield  of 
gas  from  cannel  coal  varies  from  10,500  to  13,500  cubic  feet  per  ton, 
and  from  bituminous  coal,  from  9000  to  10,000  cubic  feet. 

Boghead,  or  torhanite,  is  a   mineral   occurring  at  Boghead,  near 
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Bathgate,  in  Scotland.  It  has  long  since  been  practically  exhausted. 
The  mineral  was  brownish-black,  and  had  a  specific  gravity  of  about 
1*15.  It  contained  63  per  cent,  of  carbon,  9  per  cent,  of  hydrogen, 
20  per  cent,  of  ash,  and  8  per  cent,  of  oxygen  and  hydrogen.  It 
yielded  15,000  cubic  feet  of  gas,  and  about  70  to  80  gallons  of  oil 
per  ton. 

Lignite  or  Brovm  Coed, — *  Lignite'  or  *  brown'  coal  is  the  term 
usually  applied  to  deposits  of  more  recent  origin  than  coals  found  in 
the  carboniferous  formation,  to  which  formation  true  coal  belongs. 
Lignites  vary  in  colour  from  a  light  earthy  brown  to  a  deep  lustrous 
black,  undistinguishable  from  ordinary  bituminous  coal.  They 
contain  50  to  70  per  cent,  of  carbon. 

In  New  Zealand  the  coal  worked  is  of  the  lignite  variety,  and  is 
not  of  a  very  high  quality. 

Brown  coals  proper  usually  contain  a  larger  percentage  of  carbon 
and  a  smaller  percentage  of  oxygen  than  the  true  lignites. 

The  general  composition  of  lignites  and  brown  coal  may  be  seen 
from  the  following  analyses : — 


Lignite  from  Bovey  Traoey, 

„        „    Cologne, 
Brown  coal  from  Hungary, . 

,,         ,,      ,,    Tasmania, 

„         ,,      „     Auckland, 

The  following  table  shows  the  various  changes  through  which  coal 
passes  during  its  transition  from  wood  to  anthracite  : — 


irbon. 

Hydrogen. 

Oxygen  and 
Nitrogen. 

67-9 

6-8 

26-8 

67-0 

5-8 

27-7 

72-5 

5-4 

22  1 

71-9 

6-6 

22-6 

72-2 

5-4 

22*4 

Weight  of 
•  1  cubic  foot 
in  lbs. 

Carbon 
per  cent. 

Hydrogen 
percent. 

Oxygen  and 
Nitrogen 
percent. 

Wood,  average,  , 

80 

50-29 

6-09 

48*62 

Feat,        ,, 

50 

60-88 

5-89 

83  28 

Lignite,    ,,          .        .        . 

70 

67-48 

5-59 

26-98 

Brown  coal,  average,  . 

76 

72-92 

5-4 

21*58 

Bituminous  coal,  average,    . 

80 

88-48 

5-84 

11*18 

Anthracite,  average,    . 

90 

95-85 

2-47 

2-18 

Selection  of  Coal. — Dr  Percy  says  that  the  only  sure  guide  in  the 
selection  of  coal  for  any  purpose  is  to  make  a  practical  trial  on  a  large 
scale.  A  good  deal  of  information  may,  however,  be  obtained  from 
reliable  chemical  analyses,  but  as  a  rule  the  thermal  value  of  a  fuel, 
as  determined  by  a  physical  test,  is  never  even  approximately  realised 
in  practice.  An  anthracite  coal  with  no  gas  or  flame  may  be  suitable 
for  one  purpose,  while  a  bituminous  coal  full  of  rich  smoky  gas  may  be 
most  economical  \mder  other  conditions.  In  any  fuel  large  quantities 
of  ash  are  objectionable,  as  they  reduce  the  quantity  of  available 
combustible  material  per  ton  of  fuel,  and  increase  labour  in  handling 
both  fuel  and  ash,  while  the  fires  require  more  frequent  cleaning, 
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which  entails  a  reduction  in  the  efficiency  of  the  boiler  by  the  chilling 
influence  of  the  cold  air  admitted  during  the  process. 

A  large  percentage  of  moisture  is  also  objectionable,  as  a  portion 
of  the  calorific  power  of  the   coal  is  unproductively  expended   in  , 
evaporating  the   combined   water.      The   following  analyses    show 
the  composition  of  the  two  varieties  of  good  burning  coal : — 


Caking  Coal. 

Non-caking  Coal. 

Carbon,        .     75  per  cent. 
Hydrogen.    .       4      „ 
Oxygen,        .     16      ,, 
Ash,     .        .       3      ,, 
Water,          .        6-3    „ 

76    per  cent 

4-8     „ 
16         „ 

8-8      „ 

6-4     .. 

Coals  are  also  sometimes  classed  as  High  Quality  and  Low  Quality 
coal,  as  shown  by  the  following  analyses  *  : — 

High  Quality  Coals.  Low  Quality  Coals. 


Anthra- 
cite. 

Scmi- 

bitnmih- 

ous. 

Bitumin- 
ous. 

Anthra- 
cite. 

Semi- 
bitumin- 
ous. 

Bitumi 
ous. 

Fixed  carbon. 

88-6 

76-6 

53-5 

76  0 

67-0 

46-6 

Volatile  matter, 

5-0 

18-0 

40-0 

6-0 

16-0 

34-0 

Snlphur, 

0-6 

0-6 

0-6 

2-0 

3-0 

3-5 

Ash,     . 

6-0 

6-0 

6-0 

160 

12-0 

12-0 

Water, 

1-0 

1-0 

ro 

2-0 

8-0 

4-0 

Calorific  Power  of  Coal. — Modern  requirements  now  demand  the 
most  economic  generation  of  heat  for  a  given  expenditure  of  fuel, 
no  matter  to  what  purpose  the  coal  is  put.  As  already  stated,  the 
thermal  value  of  fuel  is  not  easily  ascertained  with  any  high  degree 
of  accuracy  by  chemical  or  physical  tests,  and  only  approximate 
values  can  be  looked  for. 

The  simplest  method  of  finding  the  calorific  power  is  by  using  the 
instrument  know  as  Thomson's  calorimeter,  which  is  largely  adopted 
for  this  purpose.  The  principles  upon  which  the  test  is  based  are  : — 
(1)  That  the  latent  heat  of  steam  is  equal  to  967'  Fahr.,  and  (2)  that 
coal  or  other  fuel  burned  in  pure  oxygen  evolves  the  same  amount 
of  heat  as  when  completely  consumed  in  atmospheric  air.  The 
test  is  carried  out  as  follows :  A  measured  weight  of  fuel  is  dried, 
finely  powdered,  and  intimately  mixed  with  the  necessary  propor- 
tions of  a  mixture  consisting  of  three  parts  of  potassium  chlorate 
and  one  part  of  potassium  nitrate.  This  mixture,  which  will  bum 
freely  without  a  supply  of  air,  is  placed  in  a  copper  cylinder  b  (fig.  5), 
which  is  primed  with  a  fuse.  This  cylinder  is  placed  within  the  copper 
combustion  vessel  c,  and  is  then  immersed  in  a  glass  jar  a  containing 
a  known  weight  of  water.  The  fuse,  in  the  small  cylinder  b  contain- 
ing the  chlorate  mixture,  is  lighted,  and  the  appliance  is  plunged 
into  the  glass  cylinder  containing  the  water,  and  is  covered  by  the 

*  Practical  Engineers'  Pocket  Book,  1897,  p.  824. 
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Becood  copper  cylinder  c,  the  cock  at  d  being  ehut.  After  a  few 
seconda  the  fuse  ignites  the  mixture  of  ooal  and 
potash,  and  the  products  of  combustion,  passing 
through  the  water  in  a  finely  divided  state,  com- 
municate the  whole  of  tlteir  heat  to  the  water. 
The  temperature  of  the  latter  is  carefully  noted 
at  the  commencement  and  end  of  the  test,  and 
it  is  only  necessary  to  multiply  the  weight  of  water 
by  the  number  of  degrees  of  heat  communicated  to 
it  to  find  the  calorific  value  of  the  fuel.  The 
amount  of  water  capable  of  being  converted  into 
Hteam  per  pound  of  fuel  burnt  is  directly  as  the 
elevation  of  the  temperature ;  thus,  if  the  ther- 
mometer showed  a  rise  of  75°,  tlien  <ms  pound 
of/uel  would  evaporate  T'5  Ibe.  of  water.     Tables 

KiG   6  — Tb  '    ^   facilitate   calculation   are  supplied  with   each 

CdorimetoT*"'  instrument. 

The  theoretical  evaporative  power  of  fuel  may 

also  be  calculated  from  the  ultimate  analyses  by  the  formula : — 


(--?)) 


WhereC  =  weight  of  cirbon  in  1  lb.  of  fael. 
H=        „        hydrogen        ,, 
0=        ,,        oxygen  „ 

P  =  lbB.  of  water  at  212*  F.,  ooDverted  into  steam  at  212*  F.  per  lb.  of  fuel. 

As  an  example,  in  the  sjialyses  of  the  caking  coal  already  given 
the  carbon  was  75  per  cent,  the  hydrogen  4  per  cent.,  and  the  oxygen 
16  per  cenL  These  would  be  in  the  ratio  of  '75,  -04,  and  16  ;  then 
by  applying  the  above  formula  we  have — 

P  =  15|-7B  +  lW-04-i^J|=15{76  +  (*-2Bx'02)}  =  16x-B8M  =  12B31bB. 


CaloriGo  Power  of  Dry 
Coal  free  from  Aeh  (in 
Locality.  *  Nature  of  Coal.  British  thermal  nnite). 

Tonla,  Ruaaia,  .  .  Lignite,  1S,SS7 

Uanosque,  Barnes  AljWB,  .  „  12,684 

„  1S,2G3 

■own  Coat,  Il,340-I*,220 

.king  Coal,  15,804 

„  18,108 

16,  SGI 
„  17,318 

.,  ,.  ntbiacite,  17,021 

Basin  of  Donetz,  Rnsda,   .  „  14,866 

*  Coal,  it*  Hiiteryand  Uia,  p.  SfiO. 
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From  recent  experiments  made  on  Scotch  ooals  the  calorific  power 
and  specific  gravity  are  shown  in  the  following  table  : — 


Calorific  Value 

Specific  Gravity. 

(B.T.U.) 

1*266 

13,464 

1-261 

18,662 

1-292 

18,865 

1*290 

18,266 

1-286 

13,464 

1-291 

18,563 

1-806 

14,157 

1-276 

14,058 

Ell, 

Main, 

Splint, 

Gas, 

Virgin, 

Kilsyth  Haughrigg, 

Bannockbum  Main, 

Kilsyth  Coking, 

The  calorific  value  of  a  pound  of  fuel  in  B.T.U.  can  be  calculated 
from  the  formula : 

a;=U5C  +  620(H-JO), 

where  C,  H,  and  0  represent  the  percentages  of  carbon,  hydrogen, 
and  oxygen  present  as  determined  by  analysis. 


CHAPTEB  II. 

THE  SEARCH  FOR  COAL. 

Boring. — ^The  search  for  coal  in  an  unknown  district  is  the  appli- 
cation of  geology  to  practical  uses.  In  such  a  search  all  available 
means  are  taken  to  obtain  information,  such  as  the  examination  of 
quarries,  beds  of  rivers,  and  railway  cuttings.  Even  the  ploughing 
of  fields  has  often  led  to  the  discovery  of  the  presence  of  coal  when 
there  were  no  other  indications. 

An  examination  carefully  carried  out  in  any  district  will  reveal 
whether  the  strata  belong  to  the  coal-bearing  formation  or  not. 
The  discovery  of  a  few  fossils,  such  as  sigillaria  or  stigmaria,  will 
at  once  identify  the  rocks ;  or  an  *  outcrop '  of  coal  may  be  dis- 
covered at  the  surface,  but  this  is  not  often  the  case,  particularly 
if  the  coal-bearing  strata  have  been  deeply  overlaid  by  newer 
formations.  In  such  circumstances  resort  must  be  had  to  boring 
to  decide  whether  coal  be  present  or  not. 

Boring  is  the  means  adopted  to  determine  the  existence  of  beds 
of  minerals,  such  as  ironstone,  coal,  and  salt,  lying  below  the  surface 
of  the  earth,  and  to  obtain  information  respecting  their  position, 
thickness,  and  quality. 

The  uses  of  bore-holes  vary  considerably,  and  may  be  stated  as 
follows : — 

To  reach  a  mineral  deposit  in  order  to  ascertain  its  nature,  depth  from  the 

surface,  strike,  etc. 
To  ascertain  the  nature  of  the  subjacent  rocks  for  engineering  purposes, 

such  as  railways,  canal  cuttings,  bridges,  etc. 
To  obtain  liquids  such  as  ordinary  water,  mineral  water,  brine  or  petroleum. 
To  make  absorbent  wells  in  dry  and  porous  strata. 
To  obtain  gases,  such  as  natural  inflammable  gas,  carbonic  acid  gas  or 

vapours  containing  boric  acid. 
To  drain  off  water  or  gas  from  mine  workings. 
To  make  passages  for  conveying  water    to  underground  fires  or  power 

into  underground  workings. 
To  install  signal  wires  or  speaking  tubes. 
To  sink  holes  for  lightning  conductors,  house-lifts,  or  piles. 
To  introduce  cement  into  unsound  foundations  to  strengthen  them,  and 

also  into  mine  workings  to  dam  water. 
To  sink  mine  shafts. 

12 
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In  a  field  of  coal  it  is  usual  to  put  down  a  series  of  bore-boles 
for  tbe  purpose  of  obtaining  a  correct  section  of  the  strata  passed 
through  ;  of  finding  the  depth  of  a  seam  or  seams  from  the  surface, 
the  thickness,  quality,  and  number  of  seams,  the  chemical  properties 
of  the  coal  and  the  nature  of  the  roof  and  pavement;  and  of 
ascertaining  the  inclination  of  the  strata,  as  also  the  number  and  size 
of  '  faults '  in  the  field. 

In  establishing  the  existence  of  dykes  or  faults  underground, 
bore-holes  sometimes  save  time  and  money  which  might  otherwise 
be  wasted  in  exploring  by  means  of  shafts,  particularly  when  the 
'  vees '  of  the  fault  is  nearly  vertical  or  ill-defined,  and  it  is  difficult 
to  determine  whether  it  is  an  up-throw  or  a  down-throw  fault. 

By  their  aid  the  gradient  of  a  road  that  would  intersect  the 
dislocated  seam  can  also  be  determined. 

Methods  of  Boring. — There  are  two  chief  methods  of  boring, 
viz.,  percussive  and  rotary.     These  may  be  again  sub-divided  thus  : — 

(With  f  Ordinary  method  of  chipping  and  removing  debris. 
Rods.  \  Japanese  method  of '  plunging '  without  removing  d^bria. 
With   f  ^l^ii^^s®  ^^d  other  methods  with  a  spring  pole. 
T»  -j  Ordinary  method  employed  in  American  oil  districts. 

^  *  {  Special  methods,  sucn  as  Mather  k  Piatt's  and  others. 

(2)  Rotary        /  Boring  with  ausers  in  soft  material. 
Boring  \  Diamond  rock-drill  boring. 

Hydraidic  methods  are  applied  to  both  systems  of  boring. 

The  percussive  method  is  largely  adopted  for  shallow  bore-holes, 
or  in  soft,  easily  worked  rock.  It  is  commonly  carried  out  by  means 
of  free-falling  tools,  which  chip  or  cut  the  rock  into  angular  fragments. 
The  rotary  method  grinds  the  rock  into  powder,  or  can  be  made  to 
cut  out  a  solid  core.  The  commonest  method  of  boring,  for  depths 
of  5  fms.  or  more,  is  carried  out  by  means  of  a  steel  chisel  screwed 
into  an  iron  rod,  and  suspended  from  a  spring-pole.  The  tools  used 
for  a  bore-hole  in  ordinary  strata  are  chisels,  rods,  bracehead,  augers, 
and  sludgers  for  extracting  the  loose  material ;  tools  for  dressing  the 
sides  of  the  bore-hole  and  for  extracting  broken  rods  or  chisels  :  also 
keys  for  screwing  and  holding  the  rods,  and  tubes  for  lining  the  holes. 

Chisels  or  Bits. — The  form,  sharpness,  and  temper  of  the  cutting 
tool  employed  vary  according  to  the  rock  which  has  to  be  cut  through. 
Various  chisels  are  in  use  :  flat  or  straight- edged  for  ordinary  strata, 
V  or  diamond-point  chisels  for  hard  rock ;  the  T  chisel  for  gravel ; 
while  others,  with  cutting  edges  shaped  like  an  S  or  Z,  are  used 
for  different  kinds  of  work,  but  these  chisels  are  difficult  to  sharpen 
and  maintain  in  good  order.  For  soft  grotmd,  such  as  clay  or  peat, 
augers  are  used.  The  chisels  are  1 8  in.  to  24  in.  long,  I  in.  to  2  in. 
diameter,  and  2  in.  to  3  or  4  in.  in  breadth  of  face.  They  are  made 
of  the  best  steel,  and  weigh  from  3  to  4j^  lbs.  each.  Fig.  6  shows 
some  of  the  forms  used. 

Bods. — ^The  rods  are  made  of  wood  or  iron,  more  commonly  the 
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latter,  the  best  material  being  selected.  They  are  octagonal, 
round,  or  square  in  section.  Ordinary  rods  are  f  in.  to  1^  in. 
square,  |  in.  and  1  in. ;  they  are  made  in  lengths  of  1^  ft.  to 
10  or  12  ft.;  the  bottom  rod  is  always  about  3  ft.  long.  The 
usual  mode  of  connecting  the  rods  is  by  a  screw-joint  (fig.  7). 
Iron  rods  1  in.  square  weigh  about  10  lbs.  per  yard.  Wooden  rods 
are  generally  made  in  20  to  30  ft.  lengths  of  pitch  pine,  and  not 
less  than  2^  in.  square.  The  sections  are 
joined  by  ordinary  butt,  or  scarf  joints  and 
iron  strapping  plates. 

Bracehead. — For  shallow  holes  boring  can 
be  accomplished  by  the  single  bracehead, 
actuated  by  two  or  more  men,  for  a  distance 
of  10  or  15  yds. ;  beyond  that  depth  a 
double  bracehead  is  used  until  20  or  30  yds. 
is  reached,  when  a  spring-pole  and  windlass 
will  be  required.  The  single  bracehead  is 
made  with  a  wooden  handle  about  3  ft.  long 
and  3  in.  diameter  at  the  centre,  lEind  tapers 
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Fio.  6.— Chisels. 


Fio.  7.— Rods. 


at  each  end.     The  centre  is  furnished  with  an  eye  made  of  iron,  to 
which  the  rods  are  attached  (fig.  8). 

Sludger. — The  sludger  is  usually  a  tube  3  to  10  ft.  in  length, 
and  of  a  diameter  suitable  for  the  bore-hole.  It  is  provided  with 
an  ordinary  clack  or  ball  valve  at  the  bottom  (fig.  9).  When  it 
is  required  to  clear  the  bore-hole,  the  sludger  is  lowered,  and 
worked  up  and  down  a  few  times  at  the  bottom  in  order  to  fill  it 
with  the  broken  material;  it  is  then  drawn  to  the  surface,  and 
the  contents  carefully  examined. 
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The  B6(dte  is  the  tool  used  for  extracting  broken  rods  iu  oaees 
of  fracture.  It  Lb  about  2  ft.  long,  and  hollow  for  about  16  in. 
at  the  lower  end,  tbe  diameter  of  the  opening  at  the  bottom  being 
about  1  J  in.  and  tapering  to  |  in.  diameter  (Bg.  10). 

The  Brake-staff  is  a  lever  of  pitvh  pine,  10  to  1 4  ft.  long,  having 
a  fulcrum  1 J  ft.  to  3  ft  from  the  end  next  tbe 
rods.     At  one  end  is  placed  an  iron  hook,  a  rope 
being  attached  to  it  to  enable  the  men  to  give 
it  motion  (fig.  12). 

Preliminery  Operations. — When  boring  is  about 
to  be  commenced,  a  platform  of  wood,  2  or  3  ft, 
square  and  3  in.  thick,  is  laid  on  the  ground,  and 
a  hole  bored  in  the  centre  for  the  rods  to  pass 
through  into  the  bore-bole.  Short  lengths  of  rods, 
18  in.  to  3  ft.,  are  used  at  the  beginning  until  the 
hole    attains    sufficient    depth    for   the   ordinary 
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FlQ.  8.— BncehMd. 


FiQ.  9.— Sludger, 


lengths  to  be  used.    The  bole  should  at  starting  be  larger  in  diameter 
than  the  deeper  portions  of  the  boring  are  intended  to  be. 

If  the  bore-hole  is  to  be  deep  it  is  a  common  practice  to  dig 
a  small  pit,  6  ft.  square  and  12  to  15  ft.  deep,  before  boring  is 
begun.  This  small  pit  is  of  great  utility,  as  it  gives  additional 
clearance  for  the  withdrawal  of  the  rods,  removes  the  loose  material 
at  the  surface,  and  reduces  the  ultimate  cost  of  boring.  During 
the  actual  operation  of  boring  by  percussion,  tbe  rods  are  raised 
about  1  to  IJ  ft.  and  allowed  to  fall  suddenly,  driving  the  chisel 
against  the  rock.  Every  time  they  are  raised  the  master  borer 
gives  them  a  slight  turn  with  the  'tiller'  (fig.  11),  causing  the 
chisel  to  deliver  a  blow  in  a  fresh  direction.  When  tbe  tool  has 
been  at  work  for  some  time  tbe  bottom  of  the  bole  gets  titled  with 
debris,  which  has  to  be  removed  by  tbe  sludger,  which  is  screwed 
for  this  purpose  to  the  end  of  tbe  rods.  When  the  ground  is 
soft,  and  the  grindinga  fine  and  sandy,  a  sand  pump,  working  on 
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practically  the  same  principle  as  an  ordinary  cylinder  pump,  is 
used.  If  the  hole  has  to  be  deeper  than  20  or  30  yds.  a  boring 
trestle  and  frame  are  erected ;  the  former  as  a  fulcrum  for  the 
brake-staff,  and  the  latter  in  order  to  raise  the  rods  easily  and 
speedily  when  required. 

In  6g.  1 1  are  shown  some  of  the  tools  used  in  ordinary  boring,  but 

there  are  many  others.  In  boring  .it  is  usual 
to  erect  some  sort  of  head-gear  to  enable  the 
rods  to  be  raised  quickly  and  easily.  This 
head-gear  may  consist  of  a  triangular  frame  of 
three  long  wood  poles,  either  circular  or  square, 
meeting  at  the  top,  where  they  are  fastened 
together  by  a  bolt  The  head-gear  may  be  from 
20  ft.  to  60  ft.  in  length,  the  higher  the  better ; 
but  whatever  height  is  adopted,  it  ought  to  be 
a  multiple  of  the  lengths  of  the  boring-rods  used, 
so  that  when  the  rods  are  raised,  the  joint  for 
unscrewing  should  be  just  above  the  top  of 
the  bore-hole.  Thus,  if  the  rods  are  in  12  ft. 
lengths,  the  boring  frame  ought  to  be  24,  36, 
or  48  ft.  high.  If  the  hole  is  to  be  a  deep 
one,  a  steam  winch  is  used,  as  it  raises  the  rods 
more  speedily,  and  is  more  reliable  than  a  hand 
windlass. 

When  the  hole  reaches  a  certain  depth  the 
rods  require  to  be  balanced  in  some  way,  as 
their  whole  weight,  if  allowed  to  fall  on  the 
chisel,  would  damage  or  break  it.  To  remedy 
this,  the  weight  of  the  rods  may  be  transferred 
to  the  end  of  the  brake-staff,  or  a  rope  can  be 
used  instead,  and  by  a  suitable  arrangement  a 
weight  sufficiently  heavy  to  cut  the  rock  is 
allowed  to  fall  on  the  chisel  This  plan  has  been  adopted  in  Mather 
k  Piatt's  system  of  boring.  Some  boring  engineers  prefer  wooden 
rods  for  boring,  for  when  the  hole  fills  with  water  the  rods  are 
buoyed  up,  and  a  great  deal  of  their  weight  is  thus  taken  off 
the  chisel. 


Fio.  10.— Beche. 


List  of  Tools  shown  in  Figure  11. 


1.  Spiral  worm  or  miser. 

2.  Bell  screw. 

3.  Bell  box  with  cleats. 

4.  Crows-foot. 

5.  Bell-mouthed  shell. 

6.  Auger  shell. 

7.  Worm  or  screw  auger. 

8.  Plug  drill. 

9.  Parallel  worm  auger. 


10.  Shoe-nose  shell. 

11.  Auger-nose  shell. 

12.  13.  Shell  augers. 

14.  Bow  dog. 

15.  Spring  dart. 

16.  Tillers  or  levers. 

17.  Gravel  chisel. 

18.  Clay  auger. 

19.  Reamer. 


20,  21.  Lengthening  pieces. 

22.  Lifting  dog. 

23.  Nipping  fork. 

24.  Hand  dog. 

25.  Snatch  block. 

26.  Auger  cleaner. 

27.  Holding-up  rod. 

28.  Tie  screw-ariver. 

29.  Spring  hook. 
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Fio.  11.— Boring  Tools,     (For  list  ses  oppoeito  page.) 
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Another  arrangement  to  guard  against  fracturing  the  rods  is  the 
sliding  joint,  usually  fixed  10  to  20  yds.  above  the  chisel,  the  rods 
a  a  below  it  being  made  extra  strong  (fig.  13).  When  the  chisel 
strikes  the  ground,  the  upper  lengths  of  rods  b  move  over  the 
sliding  joint,  until  the  beam  to  which  it  is  fixed  has  completed  its 
stroke,  when  an  elastic  stop  at  the  upper  end  helps  to  deaden  the  fall, 
and  thus  the  shock  due  to  the  chisel  and 
rods  striking  the  rock  simultaneously  is 
avoided. 

On  the  return  stroke  the  collar  r,  suspended 
from  the  rods  d  by  the  fork  /,  catches  against 
the  projecting  cross-head  e,  and  thus  lifts  the 
chisel  again.  If  the  rods  happen  to  break, 
the  *  B^che,*  *  Crows-foot,*  or  some  other  grap- 
nel is  used  to  grip  and  raise  them.  A  simple 
kind  of  grapnel  is  a  bell-mouthed  tube  about 
5  ft.  long  (fig.  14).  Near  the  bottom  of  the 
inside  of  the  tube  are  fixed  four  steel  blades 
or  springs.  To  extract  the  broken  rods  the 
tube  is  lowered  until  it  passes  over  a  joint 
below  the  fractured  rod,  the  steel  blades 
being  pressed  outwards  when  passing  this 
joint,  but  immediately  it  is  passed  they  press 
firmly  in  on  the  rod,  and  the  grapnel  is  then 
raised,  taking  the  broken  rods  along  with  it. 


r>i 


\y 


Fio.  12.— Brake-staff. 


Fio.  13.— Slid- 
ing joint. 


Fig.  14.— 
Grapnel  tube. 


A  steam  or  hand  windlass  to  which  a  rope  is  attached  is  usually 
employed  for  clearing  the  hole,  and  also  for  raising  the  rods  when 
the  chisels  are  being  changed. 

Lining  the  Bure-hole. — If  the  sides  of  the  hole  are  of  a  soft  nature 
and  apt  to  fall  in,  tubes  ought  to  be  inserted  to  protect  the  walls  and 
to  allow  the  rods  to  work  freely.  Those  used  for  this  purpose  are 
generally  made  of  wrought  iron  ^  in.  to  f  in.  thick,  in  9  to  12  ft. 
lengths.     They  are   forced  down  by  repeated  blows  from  a  heavy 
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mallot,  but  often  get  bent  b^  auch  bammering,  and  it  ia  better 
to  UBB  either  acrew-jacka  or  hydraulic  rama  to  force  them  down. 
The  tubes  are  made  with  either  screw-jointe  (fig.  15),  or  lap-jotnte 
with  rivetB,  the  former  being  the  more  frequently  used. 

Removing  tkeLtning. — If  the  tubes  can  be  withdrawn,  they  are 
often  taken  out  after  the  bore-hole  is  finished,  but  if  they 
resist  removal,  they  are  left  standing,  as  the  cost  of  withdrawing 
them  would,  in  many  cases,  be  more  than  the  original  coat 
of  the  tubes.  When  the  friction  is  not  great.  Kind's  plug  or  shuttle 
ia  used.  It  consists  of  an  oval  ball  of  wood,  of  slightly  smaller 
diameter  than  the  tubes.  It  is  foatened  to  the  end  of  the  rods  and 
lowered  down  ;  a  short,  open 
tube  resting  on  its  upper  sur- 
face is  filled  with  coarse  sand. 
When  the  desired  position  has 
been  reached,  the  short  tube 
is  raised  by  a  rope,  and  the 
sand  spreads  over  the  plug, 
filling  the  space  between  it 
and  the  tubes,  thus  causing 
sufficient  friction  for  the  latter 
to  be  withdrawn  when  the 
plug  is  drawn  up  (fig.  16). 
If  it  is  difficult  to  withdraw 
the  tubes,  a  tool  provided 
with  two  i&Tt»  or  jaws  which 
work  on  a  spring  has  to  be 
used.  When  this  tool  is  being 
lowered  down,  the  jaws  are 
closed,  but  as  soon  as  they 
reach  the  bottom  of  the  tube  _ 
they  fly  outwards,  and  enable  |  I 
them  to  be  withdrawn  (see  1" 
fig-  11)-  Fio.  16.— Tubes  for  Fio.  IB.— 

Speed  of  Boring. — Thespeed  Lining.  Plug. 

with  which  a  bore-hole  is  put 

down  varies  according  to  the  nature  of  the  strata  passed  through 
and  the  kind  of  tools  and  machinery  employed.  In  ordinary  coal- 
measures  the  rate  of  progress  may,  in  the  early  stages,  be  as 
much  as  1  ft  per  hour ;  but  as  the  hole  gets  deeper  the  speed 
will  be  very  much  lower,  owing  to  the  greater  amount  of  time 
taken  up  in  raising  and  lowering  the  rods,  and  the  rate  of  pro- 
gress may  not  eicecd  1  or  2  ft.  in  twenty-four  hours.  In  hard 
rocks,  such  as  whinstone,  the  distance  bor«l  may  not  be  more  than 
6  in.  per  diem. 

Andr^  gives,  as  an  average  speed  in  different  measures,  1   ft.  9  in. 
per  eleven  hours. 
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Coat  of  Boring. — ^This  will  vary  greatly  according  to  the  nature  of 
the  ground  passed  through  and  the  waged  ruling  in  the  district. 

In  ordinary  boring  by  spring-pole  in  the  coal-measures,  the  prices 
ruling  in  the  North  of  £ugland  are  usually  7s.  6d.  per  fathom  for 
the  first  5  fms.,  15s.  for  the  second  5  fms.,  22s.  6d.  for  the  third,  and 
so  on,  increasing  7s.  6d.  per  fathom  for  every  additional  5  fms.  depth. 
The  prices  in  Scotland  are  4s.  to  4s.  6d.  per  fathom  for  first  5  fms., 
8s.  per  fathom  for  second  5  fms.,  and  so  on,  increasing  by  4s.  per 
fathom  every  step  of  5  fms.  In  other  districts  the  prices  are 
sometimes  5s.  6d.  per  yard  for  the  first  5  yds.,  7s.  6d.  for  second 
5  yds.,  9s.  6d.  for  the  third  5  yds.,  and  so  on,  increasing  2s.  per  yard 
for  every  additional  5  yds.  in  depth.  These  prices  are  generally 
taken  on  the  basis  of  bore-holes  starting  3  in.  diameter. 

The  cost  of  bore-hole  may  be  found  by  the  formula, 


x=  |2a  +  (»-l)rf  i?, 


where  a;  =  total  cost  in  shillings,  a  =  price  of  first  step,  ^2  =  increase 
of  price  for  each  additional  step,  and  n  =  number  of  steps. 

ExaTTvple. — What  would  be  the  cost  of  a  bore-hole  150  fms.  deep 
if  the  price  of  boring  is  7s.  6d.  per  fathom  for  first  5  fms.,  and 
increases  by  7s.  6d.  for  every  subsequent  5  fms.  ] 

150 
The  total  number  of  steps  will  be         =  30, 

.-.  X  =  I  (2x7-5x5) +  (30 -1)7-5  i^ 

=  {  (75)  +  (29  X  7-5)15}  =  4387-5s.  =  £219  7s.  6d. 

Japanese  Method  of  Boring.* — This  method  is  chiefly  applicable 
in  soft  alluvial  deposits,  which  can  be  bored  through  at  the  rate  of 
50  to  60  ft.  per  day.  The  tools  used  are  solid,  round,  iron  rods, 
connected  by  fish-joints,  and  terminating  in  a  pear-shaped  solid 
plunger  for  soft  groimd  and  an  obtuse  pyramidal  point  for  hard 
ground.  By  a  rocking  lever  terminating  with  a  Jizai  Kagi,  or  kettle- 
catch  (peculiar  to  Japan),  the  rods  are  pumped  up,  6  in.  at  a  time, 
to  a  height  of  from  2  to  15  ft.,  when  they  are  allowed  to  fall. 
Material  is  but  seldom  taken  out  of  the  hole.  During  the  boring 
the  hole  is  kept  filled  with  water  charged  with  clay.  Subsequently 
it  may  be  lined  with  bamboo  pipe.     The  method  is  cheap  and  rapid. 

Cost  of  Boring  Plant. — The  following  are  some  estimates  of 
boring  plant  costs  in  chisel  boring  in  ordinary  coal-measures. 

For  a  depth  of  38  ft,  with  l-in.  rods  and  2-in.  boring  tools, 

to  include  rigger,  rope,  and  shear-less,  .  .  .      £21    0    0 

For  boring  3-in.  and  4-in.  holes,  50  ft.  deep,  with  l-in.  rods, 

2i-in.  and  3}-in.  tools,  with  rigger,  rope,  and  shear-legs,     .        35    6    0 

*  Thn  MvMre  Handbook,  Prot  J.  Milne,  F.B.S.,  p^  42. 
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For  S-in.  and  4-iii.  hole,  depth  100* ft.,  with  l-in.  rods,  2|-in. 
and  32-in.  tools,  with  screws  for  IJ-in.  bottom  rods,  to  in- 
clude rigger,  rope,  and  shear-legs,      ....      £44  15    0 

For  holes  150  ft.  deep,  1^-in.  rods,  8{-in.  and  4i-in.  tools,  with 

riffger,  rope,  and  shear-legs,  .  .  .  .  .        57    5    0 

For  holes  200  ft  deep,  IJ-in.  rods,  3f-in.,  4f-in.,  and  5|-in. 
tools  for  boring  4-in.,  5-in.,  and  6 -in.  holes,  with  screws  for 
l^-in.  bottom  rods,  and  with  rigger,  etc.,      .  .  .        70    0    0 

For  holes  300  ft.  deep,  with  4i-in.,  5^-in.,  and  6^  in.  tools,  to 

include  rigger,  ro^ic,  etc.,  and  geared  windlass,         .  .       120    0    0 

For  holes  SOOn;.  deep,  same  as  No.  6,  with  £35  extra  for  rods,       155    0    0 

For  holes  800  to  1000  ft.  deep,  with  boring  tools,  etc.,  and 

800  ft.  IJ-in.  rods,     .  .  .  .  .  .       195    0    0 

Difficulties  and  Accidents  in  Boring, — These,  which  are  common 
to  all  methods  of  boring,  may  be  briefly  summed  up  as  follows  : — 

Brittleness  induced  in  rods  by  repeated  blows  and  vibration. 

Rods,  chisels,  bolts,  and  other  tools,  by  carelessness,  fall  into  the  hole,  and 

their  extraction  gives  great  trouble. 
If  the  rods  are  not  kept  rotated,  projections  will  be  left  on  the  sides  of  the 

hole,  which  will  lose  its  circular  form  and  cause  the  rods  to  get  fixed  or 

broken. 
The  hole  may  deviate  from  the  vertical,  and  so   cause  the  rods   to  get 

jammed. 
The  sides  of  the  hole  may  fall  in  and  cause  much  labour  and  expense  in 

clearing  again. 
By  fissures  or  change  of  strata  the  hole  may  become  narrower. 

Mather  &  Piatt's  S3nstem. — In  this  system  of  boring,  the  ordinary 
rods  are  dispensed  with  and  a  rope  substituted  for  them.  The 
rope  a  passes  over  a  pulley  (6,  fig.  17),  and  is  guided  by  another 
pulley  (5  to  a  drum,  which  is  worked  by  a  horizontal  cylinder. 
Between  the  drum  and  the  pulley  a  clamp  d  is  attached  to  the  boring 
frame.  The  rope  between  the  top  pulley  b  and  the  drum  is  fixed 
by  this  clamp  during  the  operation  of  boring.  A  vertical  cylinder 
e  connected  directly  to  the  pulley  actuates  the  boring  rope  to  which 
the  boring  tool  is  attached.  Steam  is  admitted  into  this  vertical 
cylinder  e  on  the  bottom  side  of  the  piston,  and  the  wheel  h^  which 
works  in  a  sliding  frame,  is  raised  along  with  the  rope  and  boring 
tool.  When  the  piston  has  completed  its  upward  stroke,  a  valve  / 
at  the  bottom  of  the  cylinder  is  opened,  allowing  the  steam  to 
escape,  and  at  the  same  time  the  boring  tool  falls  rapidly,  giving 
a  smart  blow  at  the  bottom  of  the  hole.  The  length  of  the  stroke 
can  be  varied  by  self-acting  tappets  at  the  bottom  of  the  cylinder. 
As  the  wheel  h  can  be  rotated  as  well  as  raised  vertically,  the  boring 
tool  will  be  raised  2  ft.  for  every  foot  the  piston  is  raised,  and  hence  on 
the  downward  stroke  it  will  fall  with  twice  the  speed  of  the  piston. 
The  horizontal  engine  and  drum  attached  are  only  for  raising  and 
lowering  the  boring  tool  and  the  sand  pump  or  sludger.  The  rope 
is  generally  flat  and  of  hemp,  4^  in.  broad  by  \  in.  thick. 

In  this  system  of  boring,  the  great  difficulty  at  first   was  the 
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turning  of  the  boring  tool  at  eacb   stroke.     For  tbis   purpose   an 
ingenious  arrangement  was  adopted. 

The  sliding  collar  {g,  fig.  18)  has  a  series  of  teeth  top  and  bottom. 
On  raising  the  rope  on  the  up  stroke,  this  collar  g  fite  into  another 
fixed  collar/  at  the  top,  the  lower  edge  of  which  has  a  corresponding 
set  of  teeth.  When  the  tool  falls  and  strikes  the  blow  at  the  bottom 
of  the  bole,  the  sliding  collar  g  descends  and  fits  into  another 
collar  e,  having  teeth  which  are  set  half  a  tooth  in  advance  of  thoee 
in  the  sliding  collar  g.  Thus,  when  the  tool  falls,  the  inclined 
surface  of  the  lower  teeth  in  the  collar  g  strikes  the  point  of  the 
teeth  in  e,  and  finally  fits  into  them,  thereby  giving  the  flat  rope  a 
turn  of  half  a  tooth,  and  on  the  tool  being  raised  it  is  twisted  another 
half  tooth,  when  the  sliding  collar  comes  again  in  contact  with  the 
toeth  iu  /.     The  rope  therefore  receives  altogether  a  twiat   to  the 
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extent  of  one  tooth,  and  in  untwisting  it  must  turn  the  tool  a  like 
amount,  causing  it  to  strike  in  a  fresh  place.  This  constant  change 
goes  on  automatically,  and  secures  the  efficient  cutting  of  the  rock. 
The  borii^  tool  can  be  lowered  at  the  rate  of  500  ft.  per  minute,  and 
can  deliver  about  twenty-four  blows  per  minute,  the  rate  of  boring 
being  2  to  4  ft.  per  diem  in  deep  bore-holes.  The  cost  of  boring  seems, 
however,  to  be  more  expensive  than  other  syatems,  a  1>ore-hole  at 
Middlesbrough,  1200  ft.  deep,  costing  no  less  than  £8,  6s.  8d.  per  foot.* 

Messrs  Mather  &  Piatt  have  recently  introduced  a  machine 
umilar  to  the  method  employed  at  Pennsylvania  oil  wells,  i.e.  by 
means  of  a  circular  rope,  attached  to  the  end  of  a  large  oscillating 

'  Trans.  N.  Eng.  Min.  and  Meeh.  Enm.,  vol.  kii.  [i.  88  ;  and  Foster's  On  and 
SUmt  Mining,  uztL  edition,  pp.  ItS  >nd  824. 
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beam,  which  is  actuated  by  a  large  belt  wheel  from  an  engine,  by 
a  connecting  rod  and  crank.* 

Diamond  or  Botaty  Boring. — In  this  Byatem  of  boring,  a  solid 
core  of  the  strata  passed  through  ie  cut  out  by  means  of  diamonds 
set  in  a  cylindrical  crown,  which  is  fastened  to  the  foot  of  the  rods, 
and  is  furnished  with  grooves  for  the  circulation  of  water.  At  the 
toot  of  the  boring  rods  there  is  a  cup  3  tt.  long  and  4J  in,  inside 
diameter,  by  which  any  sediment,  too  heavy  for  the  water  to  carry 
away,  is  caught.  This  cup  and  the  rods  are  attached  by  two  ptugt 
to  a  core  tube  12  ft.  long;  at  its  lower  end  there  is  a  nipple  for 
connecting  it  with  the  crown  (figs.  19,  20).  At  the  junction  of  the 
two  plugs  there  is  a  loose  steel  ring,  inside  which  the  core  tube  and 
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crown  revolve,  and  which  serves  to  prevent  the  tube  from  getting 
worn  by  friction  with  the  sides  of  the  bore-hole.  Inside  the  crown 
there  ia  a  spring  trap  for  extracting  the  cores.  Its  sides  are  parallel 
throughout  its  inside  diameter,  but  bevelled  on  the  outside  to  allow 
of  its  rising  and  falling.  When  the  crown  is  revolving  the  spring 
trap  is  '  up,'  in  order  to  allow  the  core  tube  to  rotate  freely,  but 
when  a  core  is  about  to  be  drawn  the  trap  is  jammed  down  to 
permit  the  core  to  be  broken  off  as  required.  The  boring  rods  are 
tubes  about  1 J  in.  diametor,  made  of  mild  steel,  in  lengths  of  12  ft., 
and  weigh  about  50  lbs.  each.  A  constant  stream  of  water  is  forced 
under  pressure  through  these  rods  at  the  rato  of  12  to  16  gallons 
per  minuto.  On  reaching  the  bottom  this  water  circulates  outside 
the  rods,  returning  ultimately  to  the  surface,  and  carrying  with  it 
■  Trans.  If.  Eng.  Inat.  Min.  atid  tfech,  Ungl.,  vol  in.  p.  88. 
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any  Bediment  made  by  the  cutting  of  the  core.  The  roda  are 
rotated  by  gearing  driven  by  a  pair  of  small  vertical  engines  with 
cylindera  6  in.  diameter  and  10  in.  stroke,  the  revolutions  of  the  rods 
being  at  the  rate  of  100  to  200  per  minute. 

Figs.  21  and  22  show  the  method  of  working.  At  the  beginning 
of  the  bore  the  rods  are  weighted  (fig.  21)  to  give  sufficient  preeaure 
to  the  diamonds,  the  weight  being  from  15  to  20  owta.  in  soft  strata 


Fio.  21. — Boring  frame.    Elevation. 

and  from  20  to  30  owta.  when  hard  strata  are  being  cut.  As  the 
depth  of  the  hole  increases,  theae  weights  are  gradually  taken  off, 
the  weight  of  the  rods  alone  being  sufficient  to  cause  the  required 
pressure,  while,  it  the  bole  be  a  deep  one,  part  of  the  weight  may 
require  to  be  counterpoised  by  others.  The  diamonds  used  for 
boring  are  what  are  known  as  '  Boart,'  or  fractured  diamonds,  coelJDg 
about  12s.  a  carat.     In  a  crown  5^  in.  diameter,  sixteen  to  eighteen 
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stonea  would  be  used,  costing  from  £36  to  £40.  Tlie  whole  oronn, 
including  diamonds,  would  cost  about  £80. 

^)eed  of  Diamond  Boring. — In  good  firm  strata,  and  with  a  speed 
of  100  revolutions  per  minute,  30  to  40  ft,  ma;  be  bored  through  in 
nine  hours;  but  either  iu  veiy  hard  rock  or  very  soft  strata  the  rate 
would  be  sensibly  reduced,  particularly  if  the  hole  becomes  deep. 
A  bore-hole  was  put  down  at  Newtou  in  Lanarkshire  by  Messrs 
Thomson  Brothers,  Dunfermline,  the  depth  of  which  was  149  fms. 
3  ft.  10  in.  It  was  commenced  on  19th  December  1889,  and  finished 
on  25th  March  1890,  the  total  number  of  days  worked  being  sixty- 
seven,  giving  an  average  rate  of  cutting  of  13*4  ft.  per  day  of  nine 
hours.  To  attend  to  the  operations  three  men  were  reijuired,  a 
leader  and  two  assistants.* 

Coii  of  Diamond  Boring. — In  the  North  of  England  the  cost  of 
diamond  boring  is  8s.  per  foot  for  the  Hrst  100  ft.,  increasing  8b.  per 
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Fio.  22.— Plan. 

foot  for  every  additional  100  ft.  In  other  districts,  bore-holes  not 
exceeding  1000  ft.  are  charged  £1  per  foot,  1000  to  1500  ft.  deep 
£1,  lOs.  per  foot,  1500  to  2000  ft.  deep  £2,  10s.  per  foot  In 
Scotland  the  coet  of  diamond  boring  is  £3  per  fathom  for  depths 
up  to  150  fros.,  and  from  150  to  250  fms.  deep  £5  per  fathom. 

For  these  rates  the  boring  firm  usually  supply  all  labour,  tools,  and 
machinery  required,  those  for  whom  the  bore  is  being  made  paying 
railway  costs  and  cart^c  tu  the  site  of  the  bore,  and  also  providing 
the  necessary  lining  tubes,  fuel  supply  for  engine,  and  water  supply 
required  tor  the  boring  operations. 

Hand -power  Boriwi  Marhine.. — -For  shallow  holes  in  ordinary 
strata,  such  as  are  generally  met  with  in  the  coal-measures,  hand 
diamond  drills  of  simple  construction,  and  readily  transported  from 
place  to  place,  can  be  obtained  at  prices  varying  from  £160  to  £200, 
according  to  the  prevailing  prices  of  diamonds. 

Advantagei  of  the  Diamond  Syttem. — The  advantages  claimed  for 
•TrwiM.  Miji.  Itut.  Scot.,  1891,  p.  1B6. 
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this  system  are  that  it  is  more  expeditious  than  methods  of  boring 
by  a  chisel,  and  that,  cores  of  the  strata  being  obtainable,  a  correct 
section  of  the  rocks  passed  through  can  be  ascertained  and  the 
inclination  of  strata  seen,  while  for  deep  holes  it  is  cheaper  than  .the 
chisel  method.  In  very  soft  strata  the  cores  got  are  not,  however, 
very  satisfactory. 

Davis  Calyx  Drill. — This  system  of  boring,  on  the  rotary  principle, 
closely  resembles  diamond  drilling.'"'  The  boring  bit,  or  cutter,  consists 
of  a  cylindrical  metal  shell,  the  lower  end  of  which  has  been  formed, 
by  a  process  of  gulleting,  into  a  series  of  long  sharp  teeth.  These 
teeth  are  set  in  and  out  alternately.  Those  having  an  outward  set  are 
used  to  drill  the  hole  just  large  enough  to  allow  the  apparatus  to 
descend  freely,  and  tlie  teeth  having  the  inward  set  dress  down  the 
core  to  such  a  diameter  as  to  allow  the  body  of  the  cutter  to  pass 
freely  over  it  without  binding.  The  front  face  of  each  tooth  is 
perpendicular  at  the  base  to  the  rock  to  be  operated  on ;  while  the 
back  of  the  tooth  rises  from  the  same  line  at  an  angle  of  about 
60**.  Immediately  above  the  cutter  is  the  core-barrel,  which  is 
connected  to  the  boring  rods  by  means  of  a  reducing  plug,  which 
also  serves  to  close  the  lower  end  of  the  calyx.  The  calyx  is  simply 
a  long  tube  or  series  of  connected  tubes,  located  above  the  core- 
barrel,  to  which  it  is  equal  in  diameter.  The  lower  drill  rods  work 
through  the  centre  of  this  calyx,  there  being  an  annular  space 
between  the  two,  and  at  the  upper  end  the  calyx  is  kept  concentric 
with  the  drill  rods  by  means  of  a  centering  device. 

Mode  of  Operation. — When  drilling  is  being  carried  on,  a  continuous 
stream  of  water  is  pumped  down  the  drill  rods,  in  the  same  way  as 
in  diamond  drilling,  the  drill  at  the  same  time  being  slowly  rotated 
and  forced  downward.  The  rods  have  to  be  twisted  considerably 
before  they  accumulate  sufficient  energy  to  overcome  the  *  bite  *  of 
the  teeth  into  the  rock,  but  the  moment  the  surface  strain  exceeds 
the  resistance  below,  it  begins  to  grip  into  the  strata  by  a  series  of 
motions  similar  to  that  of  a  stonemason's  hammer  and  chisel  action. 

The  debris  which  is  produced  by  this  action  in  the  formation  of 
the  core  is  carried  up  by  the  stream  of  water  to  the  top  of  the  calyx, 
where,  owing  to  the  reduction  in  velocity  of  the  water  flow,  they 
slowly  fall  back  into  the  annular  space  between  the  drill  rods  and 
the  inside  of  the  calyx  tube.  It  is  claimed  for  this  system  that  a 
longer  core  can  be  produced  and  more  accurate  results  obtained  than 
with  the  diamond  drill,  and  that  the  rate  of  boring  is  greater. 

Other  Objects  of  Boring. — Boring  has  often  to  be  carried  out 
underground  when  old  workings,  supposed  to  contain  water  or  gas, 
are  being  approached.  In  these  circumstances,  a  pair  of  narrow 
drifts  6  to  9  ft.  wide  are  driven  in  advance  of  the  working  faces  at 
the  nearest  point  to  where  the  waste  is  to  be  tapped.  Bore-holes  are 
kept  in  advance  of  the  face  for  a  distance  of  not  less  than  15  ft.,  and 

*  Trans,  Inst,  Min,  Engs.,  vol.  zv.  pp.  363-366. 
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• 
also  sufficient  flank  holes  set  at  an  angle  of  about  45*  ^ith  the  drift. 
If  the  coal  and  roof  are  '  tender/  and  the  pressure  of  the  water  great, 
the  advance  holes  will  require  to  extend  a  good  deal  further  than 
15  ft.  Whatever  length  is  decided  on  ought  to  be  adhered  to  through- 
out, and  the  greatest  care  should  be  taken,  as  old  plans  cannot  be 
implicitly  relied  on.  The  holes  are  usually  bored  with  light  iron  rods 
f  in.  to  ^  in.  square,  and  in  6-ft.  lengths,  the  drill  cutting  a  hole 
about  1^  in.  diameter,  the  holes  being  sloped  a  little  towards  the 
roof. 

If  the  old  workings  take  the  form  of  an  irregular  boundary  of  '  stoop 
and  room,'  there  is  always  a  danger  of  an  open  '  drift '  being  passed 
by  the  exploring  road  at  a  short  distance  from  it,  so  that  if  the  flank 
holes  are  not  sufficiently  close  to  catch  the  old  roads,  the  water  may 
break  through  on  the  side  of  the  exploring  drift,  possibly  at  some 
distance  back  from  the  face.  After  the  waste  is  tapped,  it  may  be 
necessary  to  regulate  the  escape  of  water  to  suit  the  capacity  of  the 
piimping  plant,  otherwise  the  pit  may  become  flooded.  This  is 
often  done  by  the  uisertion  of  a  tube  in  the  last  length  of  the  hole, 
into  which  are  fitted  wooden  plugs,  5  to  8  ft.  long,  tapered  1  in.  to 
2^  in.,  having  a  hole  bored  through  their  centre  to  allow  just  as 
much  water  to  escape  as  the  pumping  arrangements  can  adequately 
deal  with.  The  tube  may  also  have  a  tap  fixed  to  it,  when  the  water 
can  be  drawn  off  as  required.  If  fire-damp  is  suspected,  only  safety- 
lamps  should  be  used,  and  spare  lamps  kept  ready  lighted  at  some 
distance  in  the  rear.  Precautions  should  also  be  taken  to  provide 
against  other  gases  escaping  in  dangerous  quantities. 

In  tapping  wastes  by  the  ordinary  method  of  drilling  holes,  over, 
on  an  average,  20  ft.  in  length,  there  is  always  much  difficulty 
experienced  in  getting  the  tools  to  clear  themselves;  indeed,  they 
often  get  choked  up  altogether  with  the  loose  debris,  and  occasion 
much  trouble  in  withdrawal.  To  remedy  this  difficulty,  boring 
machmes  specially  adapted  for  the  purpose  are  sometimes  used. 
Such  a  machine  is  shown  in  fig.  23. 

The  machine  consists  of  a  cylinder  c  1^  in.  diameter,  furnished 
with  packing  glands  through  which  a  spindle  «,  connected  to  the 
boring  rods,  is  worked.*  Fixed  on  the  frame  is  a  pump-chest  D, 
which  is  connected  to  the  cylinder  c  by  means  of  an  india-rubber 
pipe  E  f  in.  diameter.  In  this  pump-chest  are  two  small  plunger 
pumps,  1  in.  diameter  and  1  in.  stroke.  These  pumps  are  worked  off 
two  cranks  on  the  spindle  8,  and  are  supplied  with  water  by  a  pipe 
leading  to  a  cistern.  On  the  outer  end  of  the  spindle  is  a  handle  for 
working  the  machine.  The  whole  apparatus  is  placed  on  a  bogie 
running  on  ordinary  rails.  The  machine  is  kept  moving  forward, 
while  the  drilling  proceeds  by  means  of  a  chain  fixed  to  a  barrel  b 
with  a  ratchet  wheel ;  the  chain  passes  round  two  other  pulleys  p  p 
fixed  to  a  prop  7^,  and  a  weight  W  is  hung  at  the  other  end  of  the 

*  TroMi,  Min,  Inst.  Scot,,  voL  xiii  p.  82. 
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chain.  The  rods,  which  are  hollow,  are  ^  in.  diameter  outside  with 
^  in.  diameter  opening,  and  are  made  in  6-ft.  lengths.  They  are  con- 
nected to  each  other  by  the  ordinary  method  of  screwing.  The  drill 
ie  also  hollow  and  Ik  in.  outside  diameter,  and  is  of  the  ordinary 
deacription  used  tor  drilling  holes,  except  that  IJ  in.  from  the  point 
is  an  opening  to  allow  the  water  to  escape.  In  applying  the  machine, 
the  handle  is  rotated,  and  this  in  turn  works  the  cranks  attached 
to  the  two  force  pumps  which  force  the  water  into  the  cylinder  e, 
and  thence  into  the  hollow  rods,  which  carry  it  forward  to  the  drill 
point,  where  it  is  discharged,  and  flows  back  through  the  hole,  carry- 
ing the  debris  along  with  it.  Holes  have  been  bored  with  this  machine 
for  distances  of  150  to  170  ft.,  the  rate  of  cutting  being  ou  an  average 
30  yds.  per  shift  of  eight  hours,  employing  two  men.  The  machine 
can  be  used  either  in  ordinary  strata  or  in  coal. 


Fio.  23.  —Boring  mKhine. 

Old  wastes  may  also  be  tapped  by  diamond  drills,  used  in  much 
the  same  way  as  when  employed  at  the  surface.  At  the  Carron 
Company's  Collieries  at  Bishopbriggs,  near  Glasgow,  bore-holes  were 
drilled  in  this  manner  into  old  wastes  containing  water,  the  distance 
being  about  130  ft.  The  power  was  derived  from  a  small  Priestman 
oil-engine  developing  3  J  horse-power,  with  a  consumption  of  3  gallons 
of  oil  in  eight  hours.  The  speed  of  the  engine  was  150  to  260  revolu- 
tions per  minute,  while  that  of  the  drill  was  75  to  135  revolutions 
per  minute.  The  ignition  in  the  cylinder  of  the  engine  was  obtained 
by  electric  spark  from  a  bichromate  battery,  which  served  for  about 
500  hours. 

The  speed  of  boring  in  the  different  strata  per  shift  of  eight  hours' 
with  two  men  waa,  in  sandstone,  30  ft.,  shale,  18  ft.,  ironstone,  15  ft., 
■nd  coal,  47  ft.     Better  results  could  have  been  obtained,  but  thfr 
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position  where  the  drilling  was  being  carried  on  being  confined,  short 
lengths  of  rods,  18  in.,  36  in.,  and  5i  in.  long,  had  to  be  used  at 
first,  which  necessitated  frequent  changing. 

Other  machines  used  for  boring  are  the  Bumside  Safety  Drilling 
Machine,**  designed  for  boring  long  holes,  for  tapping  flooded  workings, 
and  a  machine  made  by  Mr  Robert  Martin,  which  is  really  an  adap- 
tation of  an  ordinary  miner's  ratchet  boring  machine,  and  which  can 
be  worked  by  hand.  It  has  been  found  most  useful  in  the  highly 
inclined  workings  of  Niddrie  Colliery,  holes  from  50  to  70  ft.  in 
length  being  bored  with  no  greater  difficulty  than  attends  the  boring 
of  shot  holes. 

Suryeying  Bore-holes. — Bore-holes  are  very  apt  to  depart  from 
the  vertical,  and  may  thereby  give  misleading  results;  so  that  it 
often  becomes  necessary  to  ascertain  the  amount  of  deviation.  This 
can  be  measured  by  the  aid  of  a  clinograph  or  clinostat,  an  instru- 
ment which  was  first  invented  and  used  by  Mr  E.  F.  Macgeorge  in 
the  Colony  of  Victoria,  Australia.  It  consists  of  two  glass  bulbs,  the 
upper  one  carrying  a  plummet  and  the  lower  one  a  magnetic  needle, 
both  bulbs  being  filled  with  liquid  gelatine.  The  needle  is  so 
arranged  that  it  can  swing  freely  without  touching  the  sides  of  the 
glass  bulb,  and  so  set  itself  in  the  magnetic  meridian.  The  small 
glass  cylinder,  terminating  in  the  bulb  at  the  top,  is  inserted  through 
an  air-tight  cork  and  a  brass  capsule  at  the  upper  end.  This  upper 
bulb  contains  a  delicate  plummet  of  glass,  with  a  diminutive  hollow 
float  at  the  top  and  a  solid  ball  at  the  bottom,  which  is  prevented 
from  falling  out  by  a  delicate  grating.  .  It  is  carefully  adjusted  to 
the  specific  gravity  of  the  solidifying  fluid  used,  and  is  so  arranged 
that  it  will  assume  a  vertical  position  whenever  it  is  free  to  move.t 

To  use  the  instrument,  six  of  the  bulbs  are  placed  in  a  bath  of 
warm  water,  heated  nearly  to  boiling  point,  and  a  brass  cylinder  is 
also  heated  by  filling  it  several  times  with  hot  water.  The  clinostats 
are  then  put  into  this  cylinder  one  after  the  other,  and  lowered  into 
the  bore-hole,  where  they  are  allowed  to  remain  for  two  or  three 
hours.  By  this  time  the  gelatine  will  have  '  set,'  fixing  the  needle 
in  the  direction  it  had  assumed  prior  to  the  solidification.  The  brass 
cylinder  is  then  withdrawn,  and  the  clinostats  are  examined  one  by 
one  in  an  instrument  specially  designed  for  the  purpose  of  ascertain- 
ing the  deviation.  Bore-holes  may  be  brought  back  to  the  plumb, 
if  deviated,  by  forcing  an  india-rubber  washer  down  to  a  depth  of 
20  yds.  or  so  beyond  the  point  of  deviation,  and  then  running  in 
liquid  cement  to  some  feet  above  where  the  hole  has  deflected. 
The  cement  is  allowed  to  properly  harden,  when  boring  may  again 
be  commenced  in  the  right  direction. 

*  Trans.  Insl,  Min,  Engs,,  vol.  zxiii.  pp.  76-78. 

t  For  full  description  of  this  instroment,  see  Mifie  Surveying,  by  Bennett  H. 
BroQgh,  eleventh  eclition,  p.  323. 
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SINKING. 

Preliminary  Considerations. — ^Af ter  a  coal-field  has  been  sufficiently 
proved  by  boring,  and  the  seams  have  been  found  to  be  of  good 
quality  and  of  sufficient  thickness  to  be  payable,  the  sinking  of  shafts 
to  *  win '  the  coal  has  next  to  be  considered.  Sinking  operations  may 
be  divided  into  two  stages :  viz.,  (1)  sinking  through  the  surface 
deposit ;  (2)  sinking  through  the  regular  strata. 

The  surface  deposit  is  often  thin  and  firm  and  easily  sunk  through  ; 
at  other  times,  however,  it  is  the  most  difficult  part  of  the  work. 
This  is  particularly  the  case  when  a  bed  of  running  sand  or  mud,  a 
thick  bed  of  mud  and  boulders,  or  a  bed  of  peat  moss,  is  met  with, 
such  formations  presenting  considerable  difficulties  to  shaft  sinking. 

Before  starting  to  sink,  several  important  points  have  to  be  disposed 
of,  among  which  may  be  mentioned  the  following  : — 

The  extent  of  the  field  or  royalty  to  be  worked. 

The  number  and  thicknesses  of  seams  to  be  worked. 

The  output  to  be  produced  per  day  to  yield  a  profit  on   the    capital 

invested. 
The  quantity  of  water  likely  to  be  met  with. 
The  number  of  shafts  required,  and  what  their  size  must  be. 
What  their  i)08itions  should  be  as  regards  markets,  railway  communica- 

tion,  etc. 
What  faults,  dykes,  or  dislocations  exist. 

Size  and  number  of  Shafts, — The  size  and  number  of  shafts  re- 
quired will  largely  depend  on  the  first  two  heads :  the  extent  of  the 
field  leased,  and  the  number  and  thickness  of  seams  to  be  worked. 
Two  shafts  are  the  minimum  required  under  the  Coal  Mines  Regula- 
tion Act,  as  a  single  shaft  is  only  allowed  under  very  exceptional 
circumstances  (see  rules  37,  57,  58).  The  size  of  the  shaft  will 
largely  depend  on  the  possible  output  per  day,  and  on  the  number 
of  years  the  coal-field  is  leased  for,  or  can  be  exhausted  in ;  points 
which  may  be  decided  approximately  as  follows  : — 

(1 )  Tons  required  to  be  raised  per  y^^^^,  Jo^^^f^o^^oy^y    . 

Number  of  years  m  lease 

(2)  Tons  required  to  be  raised  per  d.y  =  '^°"«  r^""!?!  to  be  raised  per  year. 

Number  of  working  days  per  year 
80 
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In  England  leases  are  generally  for  from  thirty  to  ninety-nine  years. 
The  number  of  years  for  which  leases  are  usually  granted  in  Scotland 
is  twenty,  twenty-five,  or  thirty. 

The  size  of  the  shaft  will  also  largely  depend  on  the  depth  of  the 
seams  from  the  surface,  and  the  amount  of  water  to  be  pumped. 
For  an  output  of  300  tons  or  less  per  day,  with  depth  not  exceeding 
240  yds.  and  pumps  12  in.  diameter,  a  rectangular  shaft  14  ft.  x  6  ft. 
inside  the  lining  would  be  quite  large  enough.  If  circular,  a  shaft 
10  ft.  in  diameter  would  suffice,  under  such  conditions.  For  outputs 
above  300  tons  and  up  to  lOCK)  tons  per  day,  a  shaft  to  hold  two 
double  cages  would  be  necessary,  and  this  wotdd  require  increased 
shaft  space.  A  rectangular  shaft  23  ft.  6  in.  x  6  ft.  6  in.  inside  the 
lining,  or  a  circular  shaft  16  or  17  ft.  diameter,  would,  approximately, 
meet  the  requirements. 

Site  of  Shaft — In  choosing  a  site  for  shafts,  if  the  surface  conditions 
are  suitable,  it  is  generally  best,  in  the  case  of  a  large  royalty,  to 
sink  as  near  to  the  centre  of  the  field  as  possible,  for  if  this  site  be 
chosen,  the  pits  will  not  be  so  deep — except  where  the  royalty  takes 
the  form  of  a  basin  with  the  deepest  part  in  the  centre — as  if  sunk 
at  the  extreme  dip ;  and  the  length  each  ton  of  coal  has  to  be  hauled 
will  also  be  less. 

If  the  amount  of  water  given  off  in  the  workings  is  veiy  large  the 
shafts  should  be  sunk  so  as  to  have  a  larger  area  to  the  rise  than  to 
the  dip,  as  pumping  large  quantities  of  water  from  dip  workings  is 
very  expensive.  If,  on  the  other  hand,  the  workings  be  dry,  the 
opposite  plan  is  adopted,  as  haulage,  etc.,  is  usually  cheaper  from  the 
dip  than  from  the  rise,  the  latter  usually  necessitating  long  inclines, 
which  become,  in  time,  difficult  and  expensive  to  work. 

The  long  side  of  the  shaft  is  usually  sunk  in  the  line  of  the  dip  of 
the  seam,  so  as  to  get  the  main  roads  from  the  pit  bottom  set  off  to 
level  course.  If  the  shafts  are  not  sunk  in  the  line  of  the  dip,  then 
to  get  the  road's  level  course  at  the  pit  bottom,  the  pavement  (floor) 
would  require  to  be  cut  on  one  side,  while  on  the  other  side  it  would 
require  to  be  banked  up. 

As  a  rule  it  is  best  to  sink  the  shafts  to  suit  the  underground 
workings,  and  arrange  the  surface  accordingly.  The  site  should  also 
be  chosen  advantageously  in  regard  to  the  transit  of  coal  by  road, 
river,  or  rail,  and  close  to  a  supply  of  good  water  for  boilers,  etc. 
It  is  a  very  common  custom  to  sink  the  shafts  close  together,  so  as 
to  concentrate  the  banking  and  coal-cleaning  arrangements.  The 
landowner  sometimes  stipulates  in  leases  where  they  are  to  be  sunk. 

Form  of  Shafts, — Shafts  may  be  either  rectangular,  circular,  or 
elliptical.  The  rectangular  form  is  almost  exclusively  used  in 
Scotland  and  very  commonly  in  America,  while  in  metalliferous 
mining  it  is  nearly  always  adopted.  Circular  shafts  are  employed  in 
England  and  Wales  for  coal-mining,  and  also  on  the  Continent.  In 
France,  and  occasionally  in  Wales,  elliptical  shafts  are  used,  and  in 
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some  parts  of  Fifeshire,  sqvutre  shafts ;  but  this  form  is  not  to  be 
recommended,  especially  in  the  case  of  large  shafts.  Each  of  these 
forms  has  its  own  advantages,  the  circular  being  the  best  adapted  to 
resist  heavy  pressure,  and  therefore  suitable  for  deep  shafts.  This 
form  is  also  best  suited  for  ventilating  purposes,  as  there  is  always  a 
certain  amount  of  space  unoccupied  by  the  cages.  The  rectangular 
form  of  shaft  is  more  economical  to  sink,  easier  lined  and  secured, 
and  the  space  can  be  better  utilised  for  winding,  pumping,  and  other 
arrangements,  while  less  material  requires  to  be  excavated. 

The  author  of  a  paper,  read  before  the  Institution  of  Mining 
Engineers,  in  discussing  the  merits  of  the  different  forms  of  shafts, 
says,  **  that  in  deciding  the  form  of  shaft,  he  fails  to  understand  why 
in  some  districts  oblong  shafts  are  sunk  in  preference  to  circular  ones, 
unless  the  object  is  to  take  out  as  little  ground  as  possible.  It  seems 
desirable,  in  order  to  wind  a  given  quantity  of  coal  per  day,  that 
there  should  be  the  same  area  (over  and  above  the  space  occupied  by 
the  cage  at  meetings)  in  the  one  shaft  as  in  the  other  .to  admit  of 
adequate  ventilation.  This  consideration  is  in  fact  so  important  that 
in  many  instances  it  is  deemed  desirable  to  sink  a  staple  pit  for  a 
height  of  some  120  feet,  having  a  holing  into  the  shaft  above  and  below 
meeting  places,  so  that  the  area  for  ventilation  may  not  be  diminished 
when  the  cages  are  passing  each  other.  The  timbering  in  an  oblong 
shaft  will  not  last  so  long  as  the  brickwork  in  a  circular  one,  and 
seeing  that  the  shaft  is  the  one  entrance  into  the  mine  through 
which  all  the  men  must  pass  in  going  and  coming  from  their  work, 
it  is  desirable  that  it  should  be  made  as  safe  as  possible  by  being 
securely  lined  throughout." 

Gommencmg  Operations. — The  position  and  size  of  the  shaft 
having  been  pegged  off,  the  surface  soil  is  removed,  the  sides  being 
supported  with  a  temporary  lining,  if  required,  until  the  *  rock-head ' 
is  reached,  when  a  perfectly  level  bed  is  prepared  on  which  to  lay 
the  first  walling  crib.  If  the  shaft  has  to  be  lined  with  brick,  the 
walling  may  be  started  forthwith,  but  very  often  the  sinking  is 
carried  on  to  a  considerable  depth  by  the  aid  of  temporary  lining, 
and  walled  up  afterwards. 

To  allow  for  temporary  lining  and  walling,  the  diameter  of  the  pit 
will  require  to  be  a  good  deal  larger  at  starting  than  the  ultimate 
finished  size ;  thus  a  pit  intended  to  be  15  ft.  diameter  inside  the 
walling  should  be  begun  with  a  diameter  of  17  or  17^  ft.  at  least. 

The  curbs  that  are  used  are  generally  made  of  oak,  cut  into 
segments  to  fit  the  circim[iference  of  the  shaft,  when  the  latter  is 
circular.  They  vary  in  size,  being  commonly  6  in.  x  4  in.  or  9  in.  x 
4  in.,  while  sometimes  they  are  made  6  in.  square.  The  segments 
are  dressed  and  fitted  together  at  the  surface,  and  are  then  sent  down 
the  pit  and  jointed  together  by  cleats.  Figs.  24  and  25  show  the 
construction  of  some  of  these  oak  curbs. 

Where  the  shaft  has  to  be  supported   with  temporary  lining,  a 
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square  frame  made  of  four  strong  oak  beams,  12  in.  to  18  In.  square, 
and  firmly  bolted  toother,  is  laid  across  the  top  of  the  pit,  and  to 
this  the  wood  lining  is  secured.  Figa.  26  and  27  show  how  this 
temporary  lining  is  fixed  in  the  shaft.  When  a  curb  is  placed  in 
position,  '  backing  deals '  or  '  lagging '  of  white  pine  boards,  6  to  9  ft. 
long  by  9  ia  to  12  in.  broad,  and  1^  in.  or  2  in.  thick,  are  fitted  in 


all  round  between  the  sides  of  the  shaft  and  the  curb.  When  these 
are  fiied,  other  curbs  are  put  in,  about  every  6  ft,  until  the  surface 
is  reached,  and  are  kept  in  position  by  '  punch  props  '  inserted  between 
them,  all  round  the  shaft ;  and  finally  they  are  secured  to  the  cross 
beams  at  the  surface  by  means  of  'stringing  deals,'  which  are  also 
carried  down  from  curb  to  curb  as  the  work  proceeds  (fig.  35).     If 


b'stringlng  dtala 
O' punch  propa 
FioB,  2d  and  27.— Temporeij  lining. 

this  temporary  lining  continues  to  any  great  depth,  its  weight  may 
be  transferred  to  other  beams  fixed  in  the  shaft. 

It  has  now  become  the  custom  to  discard  the  use  of  wooden  curbs, 
and  to  nubstitute  iron  skeleton  rings  in  order  to  keep  the  temporary 
lining  in  the  shaft.  Behind  these  rings  are  placed  the  lagging,  or 
backing  deals,  which  consist  of  planking  2  to  3  in.  thick.  The  iron 
rings  are  easier  to  handle  and  put  t(^ther  than  wooden  curbs. 
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B  about  to  be  commenced,  the  shaft 
and  an  even  bed  prepared  for  a 
walling  crib ;  the  crib  being  carefully  laid,  the  walling  proceeds,  and 
ia  carried  up  for  &  distance  of  10  to  If)  jda.,  when  another  crib  is 
placed  in  poaitioD.  Theee  cribs  are  now  made  of  cast  iron,  cast  in 
segments  to  auit  the  circumference  of  the  shaft  When  the  strata 
are  hard  and  strong,  and  a  section  of  brickwork  is  to  be  put  in,  no 
crib  need  be  used  ;  the  walling  is  simply  started  direct  off  the  rock, 
and  carried  up  in  the  usual  waj.  A  satisfactory  method  of  proceeding 
is  to  carry  sinking  on  for  part  of  the  week,  and  walling  operations 
for  the  rest  of  the  time.  The  method  of  sinking  and  walling  simul- 
taneously ia  described  later.  In  starting  to  sink  below  the  walling, 
the  shaft  is  cut  narrow  at  first,  and  gradually  widened  out  to  its 
proper  width,  so  as  to  leave  a  ledge  of  rock  to  support  the  walling 


Fia.  28.— DiBgram  of  Bioking. 


Fio.  29.— Hanging  scaffold. 


above  <see  fig.  28).  When,  at  a  later  stage,  the  walling  ia  being 
built  up  from  below,  this  ledge  is  not  removed  all  at  once,  but  it  is 
taken  out  in  sections  around  the  circumference,  these  sections  or  arcs 
being  then  built  up  to  the  walling  above  until  the  junction  is  made 
good  all  round.  The  masonry  is  not  usually  built  back  close  to  the 
strata,  but  a  small  space  is  left,  which  is  filled  with  fine  ashes  or 
other  porous  material,  so  that  it  helps  to  relieve  the  pressure  arising 
from  the  sides  on  the  brickwork.  The  walling  is  carried  on  by  means 
of  a  'hanging  soafTold'  or  'walling  cradle,'  made  up  of  3-in.  or 
4-in.  planking,  bolted  together  and  made  to  lit  the  curve  of  the 
shaft.  It  is  usually  made  with  1-in.  or  S-in.  clearance  all  round, 
and  guides  the  workman  in  the  building  of  the  brickwork.  The 
'cradle 'is  secured  to  the  winding  rope  by  four  chains,  the  latter 
being  foa^ned  to  the  scaHbld  by  eye-bolts  (see  fig.  29).     The  scaffold 
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should  be  made  to  fold  up  nt  the  centre,  do  that  when  a  section  of 
walling  is  completed  it  can  be  folded  and  slung  to  the  sides  of  tbe 
shaft,  instead  of  heing  raised  and  lowered  each  time. 

Sometimes  the  walling  ia  carried  out  by  the  help  of  iron  sections, 
fixed  all  round  the  outside  circumference  of  the  walling  scaffold. 
The  height  of  these  sections  is  from  2  ft.  to  3  ft.  3  in.  The  hrick- 
work  is  placed  around  and  in  contact  with  it.  When  a  circular  tier 
of  walling  is  thus  completed,  the  iron  section  is  raised  and  another 
tier  of  masonry  placed  in  position.  In  this  way  the  time  usually 
spent  in  measuring  the  diameter  and  ascertaining  whether  the 
masonry  is  vertical  is  saved. 

When  the  apace  between  tbe  walling  and  the  strata  is  to  be  filled 


FiOB.  10  anil  81. —G»llow»y's  scaffold. 


in  with  concrete  or  cement,  the  larger  size  of  iron  circle  is  used,  so 
that  more  may  be  left  below,  as  a  support,  until  the  cement  sets. 

Sinking  and  Watlimj  Sinwltamovjilij. — The  work  of  sinking  has  in 
ordinary  cases  to  be  suspended  while  walling  is  being  performed. 
In  order  to  obviate  this,  a  scaffold  invented  by  Mr  William 
{jalloway  is  used,  consisting  of  a  wooden  floor,  fixed  to  an  angle 
iron  frame  (see  figs.  30  and  31).  There  arc  two  platforms,  and 
access  between  theni  is  effected  by  means  of  an  iron  ladder. 

On  one  side  of  the  bottom  platform  is  placed  a  hinged  door, 
which  can  he  raised,  to  admit  of  material  being  raised  or  lowered. 
The  scaffold  is  steadied  by  two  guide  ropes,  and  as  it  occupies 
nearly  the  full  area  of  the  shaft  inside  the  walling,  it  saves  the 
time  usually  taken  in  measuring  the  diameter  every  few  yards. 
At  NewbatUe  Colliery  a  scaffold,  constructed  oa  this  principle,  was 
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uaed  for  putting  in  the  brick  lining  a  shaft   1650  ft.  deep,  30  ft. 

diameter,  walled  from   top   to  bottom.      The  construction  of  the 

scaffold  wiU  be  uoderstood  from  figs.  32  and  33.      The  cradle  aa  here 

used   consisted   of    a    working   floor  a  and    a    projecting    roof    li. 

Between  these,  ample  height  is  left  for  men  to  work.     The  centre 

of  the  cradle  oontaina  an  opening  providing  space  tor  two  buckets 

or   'kibbles'    to   pass  each   other.     This   opening  is   fenced   by   a 

circle  of  sheet  iron  6^  ft.  high 

and  J  in.  thick,  bolted  to  the 

six    upright    angle    bars    and 

hangers.* 

The  floor  stage  waa  formed 
by  a  4  in.  x  4  in.  x  j  in.  mild 
steel  angle-bar,  bent  to  the 
curvature  of  the  ahaft,  sup- 
ported OD  and  fastened  to  the 
bottom  frame  or  flooring,  which 
was  constructed  of  5  in.  x  5  in. 
X I  in.  steel  angle-bars.  A 
door  or  hatchway  was  hinged 
to  the  floor  and  raised  or 
lowered  by  block  and  tackle 
fastened  by  shackles  to  the 
door  or  framing  of  the  scaffold. 
The  door  was  recessed  to  allow 
of  its  closing  the  air  boxes  and 
pipes.  Hatchway  doors  were 
also  left  on  the  other  aide  of 
the  cradle  to  permit  of  the 
brick  kibble  being  lowered 
through  it  required.  The  roof 
of  the  scaffold  was  made  of 
5  in.  X  5  in.  x  |  in.  steel  angle- 
ironn  covered  with  |-in.  sheet- 
iron  plates.  Where  the  sus- 
pending wheels  carried  the 
whole  of  the  cradle,  the  fram- 
ing of  the  roof  was  constructed 
of  double  5  in.  K  5  in.  x  |  in.  steel  angle-bare  riveted  together. 

The  floor  and  roof  of  the  scatFold  were  connected  together  by  four 
comer  steel  angle-bars  5  in.  x  5  in.  x  J  in.  bolted  to  the  top  and  bottom 
framing.  Four  stays  » a  were  placed  to  the  four  upright  bars  for 
the  purpose  of  supporting  and  stiffening  the  roof  framing.  Two 
tension-rods  IJ  in.  diameter  were  secured  to  the  double  angle-bars 
and  to  the  outer  ring  of  the  floor  for  the  purpose  of  strengthening 
and  carrying  the  floor. 

*  Tram.  Ftd.  tntl.  Min.  Enfi.,  vol.  viii.  p.  118. 
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A  sheet-iron  ring,  ^  in.  thick,  was  bolted  to  the  circular  framing, 
and  formed  a  fence  roimd  the  scaffold  18  in.  high.  The  diJTerence 
between  the  diameter  of  the  pit  and  the  upper  side  of  this  ring  was 
about  1^  in.,  i.e.  an  opening  of  \  in.  existed  between  the  brickwork 
and  the  fence.  Fending  plates  pp  were  bolted  Ut  the  bottom  of  the 
Bcaffold  to  guide  the  bucket  into  the  opening  of  the  floor.  The 
weight  ot  the  soaflbld  waa  about  8J  tons,  but  with  a  full  working 
load  became  about  20  tons.  The  acaflbld  was  auapended  in  the 
shaft    by    four    ropes    in 

double  purchase,  the  ropes  n 

being  5  inches  in  oircumfer-  '' 

once  and  made  of  Bessemer 
steel  wire.  One  end  of 
these  ropes  was  made  fast 
at  the  surface  by  attach- 
ment  to    a    heavy    screw 

which  served  the  purpose  "'"' 

of  adjustment  in  the  event  ' 

of    the   ropes   riding  un- 
evenly on  the  drums.    The 
other  end  passed  round  the 
wheel  on  the  cradle  and 
over  another  wheel  on  the 
winding  frame  and  thence 
to  the  crab  drum.     Four 
drums  were  thus  required 
on  the  crab  engine.    These 
ropes  between  the  scaffold 
and  the  pulley  on  the  frame  abo  served  for  guide  ropes  for  a  rider 
to  run  on,  to  guide  the  kettle  in  the  shaft.     In  addition  to  these, 
another  guide  rope,  made  fast  at  the  top  like  the  others  and  looped 
down    the   shaft,    was   provided.       Upon  this  was   hung   a  pulley 
supporting  a    water  tank  and  scaffold  with    two   pulsomcters,  and 
the    suction    and   delivery   pipes.      The   double   rope  was  brought 
through    the   cradle   nnd   the    loose   end    led    to    one   of    the   two 
drums   on    the   winding   engine.       The   other  drum   was  provided 
with  a  winding  rope,  and  the  bucket  used  with  this  rope  ran  with 
a  rider,  with  the  punip-suspending  rope   as  a  guide  at   each    side, 
and   served    to   supply  the  scaffold  with   bricks,    lime,  etc.      Both 
drums  on  the  winding  engine  were  worked  by  clutches,  so  that  when 
shots  were  being  fired  at  the  bottom,  the  pulsometer  and  scaffold, 
etc.,  after  being  disconnected  from  the  steuu  pipe,  could  be  hauled 
up  out  of  danger. 

The  whole  of  the  work  and  the  details  of  sinking  were  carried  on 
simultaneously  with  the  walling  without  the  men  requiring  to  be 
drawn  from  the  pit  bottom,  the  only  time  the  cradle  required  raising 
to  the  sixrface  being  when  changing  shifts. 
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The  advantagea  claimed  for  this  method  i 


It  permits  of  quick  windiug  with  double  buckets. 

Tfo  time  lost  through  sinkers  beinft  withdrawn  for  ^ 

The  brickwork  c&n  be  done  better  by  akilled  bricklayers,  tta.  less  cost. 


Id  forming  lodgments  or  roads  off  the  shaft-side,  no  delay  need  be  incurred. 
Tbe  sas|ienaion  of  a  subsUiitial  structure  in  the  shatl  afToids  protection  to 
the  men  worklug  at  the  pit-bottom. 

When  the  strata  passed  through  are  soft  and  unable  to  bear  the 
weight  of  the  curb  and  walling,  holes  are  drilled  all  round  the  aide  of 
the  pit,  and  strong  iron  rods  IJ  in.  to  2  in.  diameter  and  IJ  to  3  ft. 
long,  on  which  the  crib  is  laid,  are  driven  in.  The  walling  tlien  pro- 
ceeds in  the  usual  way.  When  these  rods  require  to  be  used,  the 
distance  between  the  curbs  should  be  very  much  shorter  than  in  hard 
strata. 

When  the  strata  are  giving  off  water,  ring  curbs  will  require  to  be 
put  in,  to  protect  the  brickwork  and  to  convey  the  water  to  a  lo(^- 
ment  in  the  shaft,  which  is  done  by  having  a  pipe  connection  between 
every  two  curbs. 

The  ordinary  '  garland '  or  '  water  ring '  is  usually  an  iron  curb, 
cast  with  a  groove,  and  is  often  a  walling 
and  water  curb  combined  ;  sometimes  it 
is  made  of  wood  and  an  annular  space  left 
in  it.  Above  each  curb  the  brickwork  is 
'  shorn '  back  to  allow  the  water  free  access 
to  the  ring  (see  fig.  34),  It  is  most  impor- 
tant  that  these  rings  should  be  thoroughly 
water-tight.  Sometimes  a  layer  of  well- 
puddled  clay  is  put  in  behind,  but  a  better 
plan  is  to  lay  them  on  felt  or  oakum,  and 
Fio.  8<.-W»ter  ring.         S^»^  ^^^'^  "'t^  go™*  cement. 

In  walling,  a  good  quality  of  brick  is 
most  necessary,  the  most  satisfactory  Iwing  good  alumina  fire-bricks. 
Except  in  very  small  shafts,  ordinary  shaped  bricks  can  be  used; 
the  mortar  employed  should  be  maide  from  good  hydraulic  lime, 
mixed  with  'mine  dust'  from  calcined  iron-ore  heaps,  which  makes 
a  better  binding  material  than  sand. 

The  general  arrangement  of  the  walling,  guides,  etc.,  of  a  circulfu^ 
shaft  12  ft.  diameter  is  shown  in  figs.  35  and  36,  the  shaft  being 
fitted  with  wood  guides. 

Tubbiitg.—Whca  large  quantities  of  water  are  met  with  in  the 
strata  to  be  situk  through,  cast  iron  tubbing  is  vised  to  keep  back  tbe 
inflow,  to  save  pumping  and  keep  the  shaft  dry.  The  tubbing  (figs. 
37,  38,  39)  is  made  in  segment*  suitable  to  the  radiuH  of  the  pit,  the 
depth  and  thickness  of  each  segment  varying  accoiiiing  to  the  pres- 
sure to  which  it  is  to  be  subjected.  The  rings  or  segments  are  built 
up  from  a  '  wedging  curb,"  carefully  laid  on  a  smooth  bed  cut  round 
the  pit.     The  wedging  curb  is  a  box-shaped  ring  of  cast  iron  1  in. 
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to  1^  in.  thick,  6  id.  to  8  in.  deep,  and  12  in.  to  14  in.  wide,  and 
made  in  convenient  sections.  At  the  point  where  a  wedging  curb  is 
to  be  placed,  the  shaft  is  '  shorn '  hack  to  admit  ita  being  placed  in 
position,  and  a  amall  annular  space  is  left  all  round.  When  the  curb 
has  been  laid  in  position  and  securely  wedged,  the  tubbing  is  built 
up  from  it,  the  joints  between  every  two  rings  of  tubbing  being  61ied 
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PlsD  sod  BGctiunitl  elevntioD  of  oircuUr  shaft. 


with  soft  fir  sheathing  or  thin  sheet  lead  so  as  to  secure  a  water-tight 
joint.  The  spaces  left  between  the  tubbing  and  the  strata  are  usually 
filled  with  good  concrete  or  cement  The  segments  of  tubbing  are 
generally  cast  smooth  on  one  side,  and  a  small  hole  left  in  the  centre 
to  relieve  the  pressure  of  water  behind,  while  it  is  being  built  up, 
these  holes  being  afterwards  carefully  plugged  up.     A    corrugated 
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form  of  cast-iron  tubbing  has  been  employed  on  the  Continent  with 
excellent  results,  as  it  is  both  strong  and  light.     The  thickness  of 


£l6va^tt^>7i'   c£  Scuc'k' 


irnr 


JUl 


Fios.  37,  88,  and  39. —Segment  of  tubbing. 

tubbing  required  will  vary  according  to  depth  and  pressure  to  be 
resisted.     The  thickness  may  be  found  from  the  following  rule  : — 

<=  -~-i  where  <= thickness  of  tnbbing  in  inches. 

R= radius  of  pit  in  inches. 
p= pressure  per  sq.  in.  in  lbs.  =head  in  ft  x  *434. 
M  =  factor  of  safety  (6  to  10). 
/=  resistance  of  tubbing  to  crushing. 

(For  cast  iron /=  100,000  lbs.  per  sq.  in.) 

Examine. — What  thickness  of  the  tubbing  would  be  required  for  a 
shaft  15  ft.  diameter,  and  a  head  of  water  50  fms.  ? 


f  = 


90  X  50  X  6  X  '434  x  10 
100,000 


1*17  in.  +  J  in.  (to  allow  for  wear). 


N,B. — This  would  be  the  thickness  required  at  bottom  of  tubbing. 
The   formula  given   by  Greenwell*   will   also  supply  the  same 
information. 

50,000 

Where  x  =  thickness  of  tubbing  in  decimals  of  a  foot ;  P  =  depth  in 
feet ;  D  =  diameter  of  pit  in  feet ;  '03  =  a  constant. 

*  UiM  Engineering^  by  0.  GreenwelL 
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Corrotion  of  Tubbing,— -Certitm  aubstftnces  held  in  solution  by 
water  are  very  injurioms  to  iron  surtaceB,  and  to  prevent  corrosion, 
the  tubbing  often  receives  a  coating  of  tar  or  of  some  hard  vamiah. 
In  up-cast  shafts  where  fnniacea  are  used  for  ventilation,  the  fumes 
and  gasee  given  off  by  the  fumncc  are  also  very  injurious,  and  the 
only  remedy  is  to  line  the  tubing  with  good  fire-brick  to  protect  it. 

CofferlDg. — Another  method  of  shutting  off  water  from  the  shaft 
is  to  use  coffering,  which  is  simply  a  brick  wall  with  a  space  in  the 
centre,  this  space  being  filled  in  with  good 
cement,  which  makes  a  water-tight  walling. 

A  third  method  of  coffering  differs  some- 
what from  that  usually  employed.  The 
wall  in  this  case  (fig.  40}  is  of  4^  m.  brick- 
work, about  3  ft  at  a  time  being  built, 
while  in  front  were  placed  sheet-iron  platee 
a  <i  14  to  16  wire  gai^e.*  In  front  of  this, 
brickwork  20  in.  thick  was  built  up,  leav- 
ing a  space  of  H  in.  between  the  inner  and 
outer  walls,  to  be  filled  in  with  cement,  in 
which  the  iron  plates  were  also  embedded. 
As  the  pressure  of  the  water  became  less 
the  thickness  of  the  walling  was  gradually  S 

reduced  from  20  in.  to  15  in.,  and  finally 
to  10  in.,  the  space  for  cement  being  kept 
in  continuous  lengths.  The  best  results  are 
obtained  when  the  water  in  the  pit  is  allowed 
to  follow  the  work,  so  that  the  cement  sets 
under  water,  hut  this  is  not  always  prac- 
ticable. The  brickwork  in  the  walling  should 
also  be  set  in  cement.  At  the  bottom  of 
the  water-bearing  strata  a  short  length  of 
solid  walling  should  be  put  in  wherever 
possible,  and  the  water  conveyed  through 
it  by  pipes.  It  is  generally  found  that  when 
water  is  met  with,  a  considerable  quantity  pipar 
percolates  through  the  brickwork  for  a  few 

days,  hut  as  a  rule   it  ultimately  becomes  Y,a.  *0.— Coffering. 

quite  dry.      The   coat  of  coffering  of  this 

description  was,  in  a  particular  instance,  £6,  6s.  8d.  per  vertical  foot 
over  a  distance  of  340  ft,,  which  included  the  cost  of  labour  and 
material,  and  the  exact  cost  of  enlarging  the  shaft  sufGciently  to 
admit  of  the  extra  thickness  of  walling.  The  cost  for  tubbing  of 
the  same  length  was  estimated  at  .£12  per  foot  for  a  shaft  18  ft. 
diameter.  But  £12  per  foot  is  a  very  low  estimate  compared  with 
some  instances  where  this  method  has  been  adopted ;  as,  for 
instance,  at  Shireoaks  Colliery,  where  a  total  depth  of  170  yds. 
•  Tnuu.  Fad.  Intt.  Min.  Engt.,  vul.  viii.  ii|^  18, 16. 


42 


PRACTICAL  COAL-MINING. 


of  tubbing  in  a  shaft  12  ft.  diameter  cost  no  less  than  J&60,  2s. 
per  yard. 

.  During  the  sinking  of  the  shafts  at  the  Maypole  Colliery  great 
difficulties  were  experienced  from  extensive  water  feeders,  one  of 
which  delivered  90,000  gallons  of  water  per  hour.  The  coffering 
arrangements,  which  were  of  a  complicated  and  costly  nature,  have 
been  described  in  detail  in  the  Journal  of  the  British  Society  of 
Mining  Students* 

The  thickness  of  coffering  required  to  resist  a  given  pressure  of 
water  can  be  found  by  means  of  the  formula  given  in  the  case  of 
tubbing,  except  that  a  different  value  must  be  assigned  to/,  viz.,  the 
crushing  strength  of  good  brickwork  set  in  cement,  which  may  be 
taken  as  about  2500  lbs.  per  sq.  in. 

Cost  of  Sinking. — This  will  depend  on  the  nature  of  the  strata 
to  be  sunk  through,  the  quantity  of  water  to  be  dealt  with  during 
sinking,  the  size  of  the  shaft,  and  the  price  of  labour.  In  the 
particular  districts  labour  will  probably  cost  from  6s.  to  15s.  per 
cubic  yard  excavated.  The  cost  of  sinking  and  lining  the  two  shafts 
at  Harris's  Navigation  Colliery,  each  17  ft.  diameter,  was  as 
follows  t  : — 

Average   cost  per  yard   for  sinking  50  yds.   in  shale   near  pit 

bottom. 

Without  Pumps.  With  Pumps. 

Labour,  .        .        .         .     £9    8    2  per  yd.  jt'lO    2    4  per  yd. 

Material  (Stores,  etc),     .        2  11     4      ,.  8    0    4 


Total, 


.  £11  19     6 


If 


it 


£13     2     6 


it 


f» 


In  hard  rock  the  cost  was  £44,  13s.  2d.  per  yard,  using  pumps, 
and  the  cost  for  walling  in  the  same  shafts,  for  18  in.  brickwork  and 
two  curbs  per  yard,  was  £11,  Ts.  lOd.,  or  an  average  of  £\,  3s.  lOd. 
per  cubic  yard  of  brickwork,  which  seems  rather  high.  To  the  above 
cost  would  require  to  be  added  the  cost  of  guides  and  fixing,  which 
would  be  about  25s.  per  yard,  if  iron  or  steel  guides  are  used ;  if  wire 
rope  guides,  the  cost  would  be  10s.  to  128.  6d.  per  yard. 

The  cost  of  sinking  a  shaft  20  ft.  in  diameter,  600  yds.  deep, 
with  18  in.  brickwork,  in  a  Welsh  colliery,  has  been  given  by 
Professor  Galloway  as  follows  : — 


Wages  and  salaries,  £14,400,    .... 

2,600,000  bricks  @  858.  per  1000, 

960  tons  of  lime  @  10s.  tfd.  per  ton,      . 

8600  tons  of  sand  @  68.          i>      m      • 

600  tons  of  coal  @  6s.             n      m      • 

Timber  for  mid-brattice,  etc.,  .            .            .            .            . 

.     £14,400 

4.876 

498 

876 

180 

1,000 

Stores,  lighting,  etc.,    ...... 

Contingencies,  ....... 

8,000 
8,000 

£27,828 

Vol.  xxi.  p.  66. 


t  Trans.  Inni,  Civil  Engs.^  vol.  Ixiv.  p.  23. 
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This  gives  an  average  of  £46,  10s.  4d.  per  yard  for  sinking  and 
walling  alone.  The  rate  of  sinking  averaged  8*3  yds.  per  week,  and 
3000  to  4000  gallons  of  water  per  hour  had  to  be  dealt  with. 

Bate  of  Sinking. — This  varies  very  much  according  to  the  strata 
and  difficulties  met  with,  ranging,  for  a  shaft  15  ft.  to  16  ft.  diameter, 
from  2|  to  3  yds,  in  very  hard  strata  to  8  or  10  yds.  in  ordinary 
strata  per  week. 

Sinking  Aectangnlar  Shafts. — The  procedure  is  much  the  same  in 
sinking  rectangular  shafts  as  in  the  sinking  of  circular  ones.  The 
shaft  having  been  properly  pegged  off,  the  surface  soil  is  excavated, 
as  already  described,  and  the  sides  supported  with  temporary  wood, 
until  a  convenient  depth  or  the  rock  helad  is  reached,  when  the  first 
set  of  '  barring '  is  usually  put  in,  great  care  being  taken  to  square 
the  bed  for  it,  and  to  set  it  level.  The  first  set  having  been 
properly  adjusted,  others  are  built  up  above  it,  to  3  ft.  or  there- 
abouts above  the  surface,  to  afford  sufficient  height  for  emptying  the 
material  excavated,  and  also  to  prevent  water  flowing  into  the  shaft. 


Fios.  41,  42,  and  48. — Fixing  timber. 

the  back  of  the  barring  being  well  puddled  with  good  blue  clay  for 
this  purpose. 

The  sets  of  barring  are  fitted  into  the  shaft,  either  cut  square, 
with  an  ordinary  *butt'  joint,  and  comer  i-ackings  (fig.  41)  put  in  to 
bind  them  together ;  or  they  may  be  notched  into  each  other  (fig. 
42),  which  makes  a  neater  and  stronger  job.  Comer  rackings  are 
also  used  square  as  at  fig.  42,  and  angle-bars  are  also  occasionally 
employed  for  this  purpose  (see  fig.  43).  They  are  neat  and  strong ; 
and  they  have  the  further  merit  of  lasting  very  much  longer  than 
wood.  The  barring  when  put  in  position  should  be  well  and  tightly 
wedged  at  the  comers,  and  also  opposite  each  bunton ;  the  spaces 
behind  the  barring  should  be  well  packed  with  some  light  material, 
branches  of  fir  trees  for  preference,  to  ensure  efficient  drainage.  Figs. 
44  and  45  show  the  plan  and  elevation  of  a  rectangular  shaft,  and 
illustrate  how  the  lining,  bun  tons,  etc.,  are  fixed.  The  sizes  of  wood 
used  for  barring  (lining)  vary  according  to  the  nature  of  the  strata 
passed  through.  In  ordinary  strata  not  giving  off  much  water, 
barring  of  white  or  red  pine,  9  in.  x  4  in.,  is  used  at  the  surface,  and 
9  in.  X  3  in.  in  the  rest  of  the  shaft.  Where  the  pressure  is  great 
and  the  shaft  large,  or  where  loose  material  has  to  be  passed  through, 
the  barring  may  be  9  in.  x  5  in.  or  12  in.  x  6  in.     The  comer  rackings 
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are  usuallj  3^  in.  x  11  in-  or  2  in.  square ;  if  angle  iron  is  nsed  it 
may  be  5  in,  x  5  in.  x  |  in.,  or  5  in.  x  4  in.  x  J  in. 

Wood  lining  in  down-cast  shafts  lasts,  on  an  aren^,  about  fifteen 
years,  but  in  up-cast  shafts  the  average  is  much  shorter. 

When  the  bwring  is  fitted  in  it  is  further  strengthened  by  wall- 
plates  and  huntons,  the  former  being  put  opposite  each  bunton,  and 
the  latter  themselves  being  put  in  at  right  angles  to  the  barring,  the 
perpendicular  distance  between  them  varying  from  3  ft.  to  6  ft, 
according  to  the  strata  passed  through,  but  averaging  4  ft     The 


Fiaa.  44  and  43.— Plan  aud  eUvntion  or  rectangulAr  sh&ft 

buutons  may  bo  of  either  white  or  red  pine  ;  the  sizes  used  are  5  in. 
X  5  in.,  6  in.  x  6  in.,  or  8  in.  x  6  in.,  or  tor  small  shafts  8  in.  x  3  in. 

It  is  now  the  general  practice,  especially  in  large  shafts,  to  put 
'filling-in  pieces'  or  'punch  props'  l)etween  the  buntons  at  each 
end,  and  also  at  the  centre  of  each  of  the  latter,  these  '  punch  props  ' 
giving  greater  strength  and  stability. 

Rectangular  shafts  are  now  generally  lined  from  top  to  bottom. 
This  gives  additional  security  to  the  shaft,  and  facilitates  the  fixing 
of  the  buntons  and  guides. 

After  the  surface  soil  has  been  sunk  through  it  is  usual  to  erect  a 
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windlass  or  steam  crane,  but  a  windlass  is  only  suitable  for  small 
shafts,  and  can  only  be  economically  used  for  depths  of  15  or  20 
yds.,  beyond  which  it  is  better  either  to  employ  a  small  temporary 
sinking  engine,  or  to  erect  the  permanent  winding  engines  at  once. 
For  large  shafts  steam  cranes  are  much  used  for  the  earlier  sinking, 
afi  they  give  more  power  than  a  windlass,  besides  being  speedier  and 
safer  to  work  with,  while  the  bucket  can  be  swung  clear  of  the  shaft, 
and  landed  at  any  desired  point  for  tipping. 

If  a  temporary  engine  is  used  for  sinking,  it  should  be  placed  in 
such  a  position  as  not  to  interfere  with  the  erection  of  the  permanent 
winding  engine,  otherwise  much  delay  may  be  caused.  The  temporary 
engine  is  often  erected  as  close  to  the  shaft  as  possible,  so  that  the 
permanent  engines  may  be  laid  down  behind  it,  and  the  erection  of 
screens,  etc.,  may  be  proceeded  with  while  sinking  is  going  on. 
This  saves  time  and  enables  coal  to  be  dealt  with  immediately  the 
shafts  are  sunk.  The  sinking  engine  is  sometimes  placed  in  such  a 
position  that  it  can  be  afterwards  used  for  haulage  purposes  under- 
ground. 

When  sinking,  the  shaft  is  usually  covered  over,  only  sufficient 
space  being  left  for  the  bucket  to  pass  through.  When  the  kibble  is 
tipped  at  the  top  of  the  shaft  without  the  aid  of  scaffolding,  a  strong 
beam  is  laid  across  the  pit,  to  which  'sliding'  deals  are  fixed,  to 
prevent  the  bucket  from  catching  the  mouth  of  the  shaft,  and  also 
to  make  it  *  strike '  easier  if  no  bogie  or  chain  is  used.  Very  often 
a  bogie  is  used  for  receiving  the  kibble  when  it  arrives  at  the  surface, 
made  so  that  it  entirely  covers  the  shaft  (fig.  46),  and  prevents 
anything  from  falling  on  the  men  at  work  at  the  bottom.  Some- 
times a  chain  or  rope  fixed  to  a  beam  on  the  pithead  frame  is  used 
to  swing  the  kibble  clear  of  the  shaft.  Another  method  of  closing 
the  top  of  the  shaft  is  by  means  of  folding-doors  with  rails  on  their 
upper  sides.  The  accompanying  illustrations  (figs.  47  and  48)  show 
the  arrangement  used  by  Professor  Wm.  Galloway  while  sinking  the 
Llanbradach  shafts.*  The  two  folding  wooden  doors  are  held  together 
by  hinges  a'  a',  which  are  keyed  on  to  shafts  b  b\  Balance  weights, 
c  e  c  c,  are  attached  (two  to  each  door),  and  these  are  connected  by 
rods  dd\  through  cranks  on  the  two  opposite  shafts  so  that  the 
doors  open  and  shut  simultaneously  when  the  hand  lever  g  is  drawn 
backward  or  pushed  forward  respectively;  ee'  shows  the  position 
of  doors  when  open,  and  the  balance  weights//  will  then  be  in  the 
position  shown  in  fig.  47.  If  the  doors  are  shut  when  the  winding 
rope  is  in  the  shaft,  the  two  guide  ropes  and  the  winding  rope  pass 
through  three  holes  on  the  centre  line  of  the  door.  A  beam  is  put 
across  the  shaft  directly  below  the  balance  weights,  which  are  boxed 
in  to  prevent  the  possibility  of  any  accident.  The  rods,  levers, 
cranks,  and  balance  weights  are  also  boxed  in  above,  and  only  the 
lever  g  projects  through  longitudinal  slots  in  the  cover.     In  using 

*  Lectures  on  Shaft  Sinking ^  p.  7. 


46  PRACTICAL  COAL-MININO. 

this  apparatus,  when  the  bucket  is  at  the  surface,  the  doors  are 
closed,  and  a  tipping  w^gon  into  which  the  contents  of  the  bucket 
are  emptied  is  run  on,  without  taking  the  bucket  off  the  winding 
rope.  The  waggon  is  then  withdrawn,  the  doors  opened,  and  the 
bucket  is  ready  to  descend.  Whatever  method  is  adopted,  great 
care  must  be  taken  to  let  no  loose  material,  such  as  stones,  bolls, 
etc.,  fall  down  the  shafts. 

Preparing  the  Wood. — All  wood,  such  as  barring,  buntons,  racking, 
etc.,  should  be  prepared  at  the  surface,  ready  to  be  sent  down  the 
pit  as  required,  as  this  saves  much  labour,  wood  being  difficult  to  cut 
and  dress  in  a  confined  shaft.     A  hand  winch,  with  a  thin  wire  rope 


Fta,  46.— AmngemeDt  Tor  recsiving  kibble  with  bogie. 

and  a  large  muzzle  attached,  should  be  kept  ready  for  lowering  the 
wood  to  the  sinkers  as  required. 

Dwpoaitioii  of  Labour  aitd  Tools  Ra/uired, — The  sinking  is  gener- 
ally carried  on  continuously  during  the  twenty-four  hours,  with  the 
exception  of  Sundays,  and  the  number  of  men  employed  on  each 
shift  varies  according  to  the  size  of  the  shaft,  etc.  For  a  rectangular 
shaft  23  ft.  X  7  ft,  the  number  of  men  employed  would  be  twenty- 
one,  i.e.  seven  men  on  each  shift ;  for  smaller  shafts  three  or  four 
men  on  each  shift  would  be  sufficient.  In  a  circular  shaft  18  ft.  to 
20  ft.  in  diameter,  sixteen  to  twenty  men  should  suffice  for  each 
shift ;  an  average  labour  allowance  being  one  man  for  every  18  to  20 
square  feet  of  sinking. 
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The  tools  uaed  io  sinking  are  Bpadea,  shovels,  picks,  jumpers,  2  ft , 
3  ft.,  and  4  ft.  long,  and  1  in.  to  2^  in.  across  the  mouth ;  single 
and  double-headed  hammers,  stemmers,  cleanere,  saws,  axes,  screw- 
keys,  and  porting-bolt&     Two  kibbles  will  also  be  required,  each  to 


Fids.  47  and  48.— Galloway  ijBteiD. 
hold  10  to  20  cwts,  of  material,  and  also  a  water-barrel  to  hold  15 
to  30  cwts.  of  water. 

I  {.Special  Hethods  of  Sinkiiig. — When  thick  beds  of  running  sand, 
gravel  and  water,  or  peat  moas  or  mud  and  boulders,  are  met  with 
either  at  the  surface  or  further  down,  the  following  special  methods 
of  sinking  may  be  employed  : — 

Sinking  bj  pilo  driving. 

Sinhing  \ij  oricb  dnioi,  iron  or  >te«l  cylinders,  rectaanilar  iron  cylinders. 

SinkiDg  bf  oombination  of  brick  drum  and  iroo  or  sted  cjlinder. 

Sinking  t^  compTeased  air  ;  t.g. ,  Triger  ivstcia. 

Sinking  by  boring  or  drilling  out  the  ehalt ;  t.y.,  Kind-Chaudron  Bystem. 

Sinking  bj  freezing  the  atrata  ;  t.g. ,  PoeUch  or  Oobert  BysUmu. 

Pile-dTwiny,  or  sinking  by  piles,  is  one  of  the  commonest  and 
easiest  methods  of  sinking  through  a  moderately  deep  bed  of  sand 
met  with  at  the  surface. 
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The  piles  need  for  this  pvirpoee  are  usiiitlly  of  red  or  white  pine 
12  to  15  ft.  long,  9  io,  broad,  and  3  in.  thick,  sharpened  and  shod 
with  iron  at  the  bottom,  to  facilitate  driTiiig,  while  at  the  top  a  hoop 
of   iron  is  ahrunk  on  to  prevent  splitting  while  the   pile   ie  being 
driven  down  (see  fig.  49).     Before  starting  to  sink,  a  strong  frame- 
work of  timber,  of  the  size  required,  is  fitted  together,  and  laid  down 
on  the  site  where  the  shaft  is  to  be  sunk.     The  first  set  of  piles  are 
then  driven  in  all  round  it  'skin  for  skin,'  the  commonest  method 
of  driving  them  being  by  hand,  the  man  using  a  lai^e  mallet.     If 
they  cannot  be  driven  easily  by  the  mallet  or  hammer,  a  '  monkey ' 
may  be  used,  or   the   necessary   pressure  applied   by    means  of  a 
hydraulic  ram.     As  the  piles  of  each  succeeding  set  are  driven  in 
they  are  firmly  supported  by  side  and  end  bars,  and  buntons  placed 
at  convenient  distance  apart,  as  shown  in  fig.  49.     When  a  pit  has 
to  be  sunk   by  this   method,  it  must  be  commenced  very  much 
larger  than  the  finished  diaiensions  required, 
especially  if   the  depth  of  sand  to  be  sunk 
through  is  considerable,  as  evety  set  of  piles 
put  in  reduces  the  size  of  the  shaft  by  at 
least  18  in.     Sometimes  the  piles  are  driven 
inclined  outwards  to  keep  the  siae  of  shaft 
from  being  reduced    too  much,  but  by  this 
method  it  is  more  difficult  to  keep  the  twirriug 
perpendicular.     If  any  space  is  left  between 
the  piles  and  the  walling  or  barring,  it  should 
be  filled  up  with   good  cement  or  concrete, 
and  the  piles  withdrawn  if  possible.     Sinking 
by  piles  is  an  expensive  method,  and  some- 
times not  a  very  successful  one,  if  the  sand 
Fig,  19.— Pile-driviDg.      is  very  quick,  or  when  the  strata  are  watery 
and  mixed  with  boulders.     The  limit  of  depth 
that  can  be  sunk  through  by  pile-driving  is  about60or_lIL£t.,  but 
it  is  more  efficient  when  the  depth  does  not  exceBaTITto  40  ft. 

Brick  Drums. — Sinking  through  running  sand  is  often  done  by 
what  is  known  as  the  '  Drum  *  method.  When  this  system  is  adopted, 
a  curb  of  wood,  14  in.  to  18  in.  broad  and  6  in.  thick  (figs.  50,  51), 
is  laid  down  on  the  site  to  be  sunk  throi^h  ;  in  a  rectai^ular  shaft 
a  square  frame  is  used,  firmly  morticed  and  bolted  together.  The 
curb  or  frame  is  carefully  adjusted  with  a  str^ght-edge  and  spirit- 
level,  to  get  it  perfectly  horizontal.  Upon  this  curb  a  tier  of  dry 
brickwork  is  placed,  until  a  height  of  3  or  4  ft.  has  been  reached, 
when  another  curb  is  placed  in  position  and  secured  to  the  firat  by 
strong  tie-bolte  of  wrought  iron ;  more  brickwork  is  then  placed  in 
position  until  the  dnun  begins  to  sink  by  its  own  weight.  Workmen 
stand  in  the  centre  and  excavate  the  Band  as  it  sinks,  taking  care  that 
the  bottom  of  the  drum  is  2  or  3  ft.  in  advance  of  the  excavation, 
and  at  the  same  time  keeping  it  in  a  horizontal  position,  for  one  of 


tbe  groat  diffieaUira  In  ranking  by  this  method  ia  keeping  the  drum 
truly  vertical,  bo  as  to  prevent  it  from  canting.  To  reduce  the 
fnction  of  the  drum  during  descent,  aud  also  to  keep  the  brickwork 
intact,  a  cloae  lining  of  planking  ia  fixed  all  round  its  outer 
circumference,  the  joints  being  made  water-tight.  As  the  sinking 
proceeds  more   brickwork  and   curbs  aro  placed    in  position,  and 


Fios.  SO  tnd  51. — Brick  dnim.  Cutting  shoe. 

secured  by  tie-bolte  ae  before,  until  the  solid  ground  is  finally  reached, 
where  a  perfectly  level' bed  must  be  made  tot  tiie  reception  of  the 
first  permanent  walling  curb.  It  the  ground  is  not  loose  enough  for 
the  drum  to  sink  easily,  a  cntting  edge  is  fiied  to  it,  bevelled  on  tlie 
inside  and  fitted  with  an  iron  shoe  (fig.  61).  For  the  purpose  of 
keeping  the  drum  plumb  and  sinking  evenly,  it  is  sometimes  lowered 


Fio.  52. — Baii^n){  brick  dnim. 

by  strong  screws  and  nuts  attached  to  beams  at  the  surface,  or  it 
may  be  lowered  by  ropes  and  winches.  This  method  affords  better 
control  over  the  operations  (fig,  52). 

Cast  OT  Wrotiyht-iron  Cylinder. — Brick  drums  are  liable  to  stick, 
and  iron  cylindeta  or  drums  are  therefore  preferable.  These  iron 
drums  are  made  in   s^ments,    cast    to   the   curvature  of  the   pit 

4 


60  PRACTICAL  COAL-MINING. 

aad  strengthened  by  horizontal  and  vertical  ribs,  like  ordinary 
tabbing,  with  the  exoeption  that  the  ribs  are  cast  on  the  inside  so 
that  the  outside  of  the  metal  is  left  smooth,  and  offers  as  little  i^esist- 
snoe  as  possible  when  sinking  through  the  sand.  The  joints  are 
carefully  rendered  water-tight  by  putting  sheet  lead  between  the 
flanges  and  firmly  bolting  them  together,  a  cutting  edge  being 
attached  to  the  bottom  in  much  the  same  way  as  to  the  brick  drum* 

In  Scotland,  a  method  of  sinking  rectangular  shafts  through 
running  sand  with  iron  tanks  is  adopted  which  is  somewhat  similar 
to  the  above  system.  The  tanks  are  usually  made  of  ordinary  boiler- 
plate fastened  together  by  lap  joints  and  rivets. 

Figs.  53,  54,  55  show  the  arrangement  of  the  tank.  The  tank  is 
made  of  segments  of  wrought-irpn  boiler  plate  ^  in.  or  |  in.  thick, 
and  6  ft.  deep.  The  segments  are  firmly  joined  at  the  comers  with 
overlapping  pieces,  with  which  they  are  riveted  '  flush.' 

When  about  to  sink,  the  drum  is  set  in  the  position  of  the  proposed 
shaft,  and  the  sand  or  mud  removed  from  the  inside,  until  a  sufficient 
depth  has  been  reached  to  put  in  two  or  three  sets  of  barring,  h  by  of 
12  in.  X  6  in.  pitch  pine.  The  tank  is  then  forced  down  into  the 
sand  by  means  of  screw-jacks.  Near  to  its  foot  is  an  angle  iron  to 
which  three  sets  of  oak  barring  9  in.  x  6  in.  are  fixed,  for  the  purpose 
of  giving  a  seat  to  a  number  of  screw-jacks  which  are  used  to  lower 
the  tank  as  the  sinking  proceeds.  When  the  first  three  sets  of 
barring  at  the  top  have  been  fixed  to  strong  beams  placed  across  the 
shaft  (fig.  54)  by  means  of  hangers  and  nuts,  the  tank  is  pressed 
down  a  further  distance  of  a  foot  or  so,  and  the  sand  dug  out  until 
room  has  been  made  to  add  another  set  of  barring  below  that  already 
fixed,  to  which  the  last  set  is  hung  by  means  of  wrought-iron  straps 
and  comer  angle  irons.  This  operation  is  continued  until  the  tank 
has  been  sunk  its  full  depth  of  6  ft.,  when  the  same  procedure  is 
gone  through  as  before,  pressing  down  the  cylinders  by  means  of 
the  screw-jacks  and  adding  barring  at  the  bottom  as  required  until 
the  bed  of  sand  has  been  sunk  through. 

By  this  method  beds  of  running  sand  of  almost  any  depth  can  be 
sunk  through  with  safety  and  rapidity.  The  tank  has,  of  course,  to 
be  made  a  great  deal  larger  than  the  finished  size  of  shaft,  as  will  be 
seen  from  fig.  53.  When  the  *rock  head  has  been  reached,  the 
regular  barring  is  built  up  to  form  the  shaft  inside  the  first  temporary 
barring,  and  a  space,  which  may  be  filled  in  with  cement  or  concrete, 
left  all  round.  In  sinking  either  with  this  or  any  other  sort  of  drum, 
the  greatest  difficulty  is  to  keep  it  vertical,  and  this  can  only  be  done 
by  maintaining  a  careful  watch  on  the  screws  when  lowering  the  drum 
and  removing  the  sand.  It  is  better  to  make  the  drum  a  little  wider 
at  the  bottom,  1  in.  or  2  in.,  than  at  the  top  end,  as  this  will  assist  it 
to  descend  more  easily  than  if  it  were  the  same  width  throughout. 

Gomhinaiion  of  Brick  Drum  and  Iron  or  Steel  Cylinder. — In 
found   of  great  advantage  in  reducing   'skin'   friction  and  giving 


sinking  through  running  strata  with  the  brick,  drum  alone  it  has  been 
found,  ae  alrmdy  stated,  that  there  is  always  a  considerable  tendency 
for  it  to  go  off  the  perpendicular,  to  stick  fast  altogether,  and  to  give 


FlOB.  53,  &4,  and 


e  amount  of  '  akin '  friction.  To  overcome  these  difficulties, 
especially  in  very  soft  surfaces,  a  steel  cylinder  is  now  frequently  used 
in   conjunction   with   the   brickwork.     This   arrangement  has  been 
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additional  strength  to  the  drum,  and  making  it  sink  more  easily. 
Two  shafts  have  recently  been  sunk  on  this  principle  under  very 
difficult  conditions  at  Olive  Bank  Colliery,  near  Edinburgh,  and  as 
they  form  a  typical  example  of  this  system  of  sinking,  they  may  here 
be  described  more  fully. 

There  are  two  shafts,  70  ft.  apart,  each  14  ft.  in  diameter  inside 
the  finished  brickwork.  The  pits  have  been  sunk  to  a  depth  of 
152  fms.,  and  having  the  following  section  at  the  surface:  sand, 
5  ft. ;  gravel,  5  ft.  ;  boulder  clay,  22  f t. ;  silt  or  mud,  75  f t. ;  red 
sandstone  (with  much  water),  40  ft. ;  total,  147  ft. 

A  square  pit  was  first  sunk  through  the  boulder  clay  until  the  top 
of  the  running  mud  was  reached.  This  pit  measured  18  ft.  6  in. 
inside  the  wood,  and  was  lined  with  9  in.  broad  x  4  in.  pitch  pine. 
When  the  pit  was  secured  in  this  way  down  to  the  top  of  the  mud — 
i,e.  to  the  bottom  of  the  boulder  clay,  a  distance  of  32  ft. — the  bottom 
segment  of  the  steel  cylinder  with  the  cutting  edge  was  built  in  and 
fixed  in  position.  On  the  top  of  this  segment  were  built  up  as  many 
rings  of  the  cylinder  as  brought  it  above  the  surface  level,  the  work 
of  lowering  the  rings  being  carried  out  by  means  of  a  steam  crane. 
Before  the  actual  sinking  through  the  mud  was  entered  upon,  the 
cylinder  was  therefore  between  30  and  40  ft.  in  length.  The 
cylinder  was  built  entirely  of  steel  plates,  the  bottom  segment  being 

5  ft.  deep  and  f-in.  thick,  while  the  other  rings  were  4  ft.  deep 
and  ^-in.  thick.  The  outside  diameter  of  the  cylinder  was  18  ft. 
2^  in.,  and  the  circle  made  up  of  twelve  segments.  To  facilitate  the 
sinking  of  the  cylinder  the  diameter  of  the  bottom  ring  was  18  ft. 
4  in.,  1^  in.  wider  than  the  rest  of  the  cylinder.  The  segments 
were  joined  together  by  means  of  T-pieces,  6  in.  x  3  in.  x  J  in., 
and  at  the  four  joints  opposite  the  centre  lines  and  covering  pieces, 

6  in.  X  ^  in.  were  also  used.  At  the  top  of  the  bottom  segment 
a  projecting  piece  was  built  all  roimd  the  inside  of  the  cylinder  as 
a  foundation  for  the  brickwork  which  was  to  form  the  shaft  lining. 
This  projecting  piece  was  supported  by  brackets,  also  made  of  T-pieces 
6  in.  X  3  in.  x  ^  in.,  and  fixed  at  intervals  round  the  circumference 
of  the  cylinder.  To  give  further  support  to  this  projecting  shelf 
which  carries  the  walling,  another  projection,  consisting  of  angle-irons, 
was  fixed  on  the  bottom  of  the  lower  segment,  and  from  this  pro- 
jecting piece  a  tapered  section  of  brickwork  was  carried  up  to  the 
shelf  above,  on  which  rests  the  regular  walling.  At  the  outer  edge 
of  this  upper  shelf  or  support,  an  angle-iron,  3  in.  x  3  in.  x  ^  in., 
was  fixed  at  a  distance  of  2  ft.  from  the  inside  of  the  cylinder,  and 
this  formed  the  circle  for  the  shaft  lining.  The  lining  consisted  of 
an  outer  ring  of  18  in.  of  brickwork,  and  the  remaining  space  of  6  in. 
was  filled  in  with  a  mixture  of  lime  and  pure  cement.  When  the 
cylinder  was  placed  in  position  and  the  sinking  through  the  mud 
about  to  start,  the  procedure  was  to  dig  out  the  silt  or  mud  to  a 
depth  of  2  or  3  ft.  at  a  time.     If  the  cylinder  would  not  sink  by  its 
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own  weight,  more  brickwork  was  added  from  the  top,  the  brickwork 
lining  being  gradually  added  to  until  the  surface  was  reached.  When 
the  cylinder  would  no  longer  sink  by  its  own  weight  plus  the  weight 
of  the  walling,  which  was  foimd  to  occur  at  a  depth  of  75  to  80  ft. 
where  the  ^skin'  friction  became  excessive,  additional  weight  was 
added  by  using  pig  iron  placed  on  a  scaffold  resting  on  9  in.  x  6  in. 
pitch-pine  buntons  built  into  the  walling.  Before  the  mud  was 
finally  sunk  through,  the  total  weight  of  pig  iron  resting  on  the 
cylinder  amounted  to  400  tons,  and  the  combined  weight  of 
cylinder  and  pig  iron  exceeded  800  tons.  The  digging  of  mud  and 
the  loading  of  the  cylinder  were  continued  till  the  rock-head  was 
reached.  The  progress  made  in  the  sinking  varied  greatly  from  3^  ft. 
down  to  J  in.  per  twenty-four  hours.  The  total  time  taken  to  sink  the 
cylinder  through  the  mud  and  boulder  clay  down  to  the  rock  was  about 
five  months,  this  time  including  the  fixing  of  the  rings,  building  the 
walling,  and  all  the  other  work  connected  with  the  sinking. 

Triger's  Method. — This  system  was  first  applied  by  a  French 
engineer,  M.  Triger,  about  the  year  1841,  to  sink  a  shaft  on  an 
island  in  the  Loire.* 

The  system  essentially  consists  in  forcing  iron  tubbing  down 
through  the  ground  by  pressure  applied  from  above,  and  in  furnish- 
ing the  tubbing  with  an  air  chamber,  which  forms  a  double  diaphragm 
interposed  between  the  outside  atmosphere  and  the  interior  of  the 
pit,  and  maintains  therein  a  pressure  equal  to  that  due  to  the  head 
of  water  at  the  lower  end  of  the  tubbing. 

Figs.  56  and  57  show  the  arrangement  of  tubbing,  etc.  A  is  the 
maUeable-iron  chamber,  with  two  man-holes  D  B.  When  placed  in 
position  at  the  mouth  of  the  pit  and  firmly  secured,  it  admits  of 
further  excavation  for  the  introduction  of  the  cutting  ring  of  the 
tubbing  C.  Compressed  air  is  forced  in  through  the  pipe  P  into  the 
lower  compartment,  and  the  air  pressure  being  greater  than  that  of 
the  water  contained  in  the  sand  or  strata,  it  holds  in  check  any  water 
tending  to  flow  in,  or  forces  it  up  through  a  flexible  tube. 

The  workmen  enter  the  air  chamber  by  a  door  D  at  the  top,  and 
as  soon  as  they  are  in,  the  opening  is  immediately  shut.  When  the 
pressure  of  air  in  this  chamber  becomes  equal  to  the  pressure  in  the 
lower  compartment  B,  the  second  or  lower  door  is  opened,  and  the 
workmen  proceed  into  the  interior  of  the  pit,  and  there  carry  on  the 
operations  of  sinking,  of  forcing  down  the  tubbing  by  means  of  screw- 
jacks,  and  of  adding  the  segments  as  required. 

All  the  doors  and  joints  should  be  as  nearly  air-tight  as  possible, 
and  the  doors  leading  to  the  compartments  are  never  both  opened  at 
the  same  time.  The  maximum  depth  that  can  be  sunk  by  this 
method  is  about  100  ft.,  the  air  pressure  at  that  depth  being  equal 
to  three  at9i06pheres,  or  45  lbs.  per  sq.  in.  Even  then,  it  is 
difficult  to  get  workmen  to  stand  it  without  injury  to  health.     At 

*  Trans.  Min,  Inst.  Scot,,  vol.  vi  p.  27. 
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Puits  M&rie,  Dear  Aix-la^^hapelle,  however,  a  shaft  was  sunk  to  a 
depth  of  111  ft.  in  water  strata  hy  this  system.* 

In  this  instaQce,  it  was  anticipated  that  the  capillarity  exiettng 
between  the  particles  of  niuDing  sand  would  have  the  effect  of 
listening  the  pressure  due  to  this  head  of    water,  and  the  facts 


Fios.  66  aod  57. — Triger'e  method  of  Biaking. 


justified  the  assumption.  A  good  many  shafts  have  been  sunk  by 
this  system,  as  also  foundations  for  piers  of  bridges,  etc. 

Like  the  Kind-Chaudron  method  of  sinking,  it  is  very  expensive, 
and  may  cost  anything  between  £80  and  £800  per  foot  sunk. 

Kind-Ohaodrtm  Method. — In  some  districts  in  England,  the  coal- 
measures  are  overlaid  by  strata  containing  very  large  quantities  of 
'  Tram.  Mia.  Inft.  Seal.,  vol.  vi,  p.  23. 
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water,  whioh  would  entail  great  expense  in  pumping  during  the  sink- 
ing. In  some  parts  of  the  French  coal-fields,  the  coal-bearing 
measures  are  overlaid  with  chalk,  which  likewise  contains  larg^ 
volumes  of  water,  the  coal  strata  below  being  comparatively  dxj^ 
To  sink  shafts  iB^  in  either  of  these  cases,  very  expensive,  and  heavy 
pumping  machinexy  would  be  required  while  sinking  through  this 
water-bearing  strata  in  the  ordinary  method^  while  after  the  eoal-beds 
were  reached  and  tubbing  put  into  the  shaft,  no  pumping  apparatus 
would  perhaps  be  required,  and  much  valuable  machinery  would  be 
left  on  hand  that  would  be  of  little  use,  and  could  oulj  be  aold  at 
considerable  loss.  It  was  to  successfully  meet  and  overcome  such 
difficulties  that  the  Rind-Chaudron  system  of  sinki&g  was  introduced 
«nd  adopted.  Since  its  introduction  over  eighty  shafts  bave  been  9unk 
on  this  system,  in  various  parts  of  Europe,  including  ^ix  in  Engjiand. 
The  sinkings  at  Dover  are  being  carried  out  on  jbhis  sys^n;^. 

Briefly,  this  method  consists  of  borii^  oiut  th^  sl^ifit^  ai^i  tjt^e^ 
lowering  into  it  a  water-tight  lining  of  c^t-iron  ^ubbiiw. 

This  system  of  sinking  may  be  divided  into  the  ^oljiowmg  stages  *  i-rr 

Alternately  boring  a  small  pit  i^  advaxioe  and  t^en  en^a^ging  it  ,Vy  a  larger 

tool  to  the  fnll  size  of  the  shaiL 
Preparing  a  seat  for  the  '  moes-box. ' 

Loweiii^  the  water-tight  Mning  or  tubhing  with  the  n;L068-boz  at  the  bottom. 
Patting  in  the  outside  Jinii^  of  .concrete. 
Pumpii^  out  JLhe  water. 

In  the  prelindnsfj  (Opeiratiion^  a  smailil  pit  4  ft.  to  8^  ft.  in 
diameter  is  bored  out  by  a  tool  known  as  the  small  trepan,  and 
weighing  about  8  to  12  tons.  It  is  supplied  with  14  cutting  teeth  or 
chisels  of  chilled  steel,  securely  fastened  into  the  jaw  of  the  trepan 
(figs.  58,  59,  and  60  show  details  of  small  trepan).  The  trepan  is 
suspended  by  pitch-pine  rods  7  in.  to  8  in.  square,  and  in  long  lengths 
of  50  or  60  ft.  The  rods  or  spears  are  actuated  by  a  steam-engine  with 
a  vertical  cylinder  of  30  to  40  in.  diameter  and  a  stroke  of  about 
4  ft.  A  large  strong  beam  with  the  fulcrum  nearer  the  pit  than  to 
the  engine,  is  attached  at  one  end  to  the  piston  in  the  cylinder,  and 
at  the  other  to  the  rods  to  which  the  trepan  is  fixed.  The  steam- 
engine  actuates  the  trepan  through  this  beam  in  much  the  same  way 
that  bore  rods  are  worked  by  a  brake-staff,  raising  it  from  1  to  2  feet 
at  every  stroke  and  then  allowing  it  to  fall  sharply  by  its  own  weight, 
the  rods  being  tiuned  in  the  usual  way  after  each  stroke  by  means  of 
a  cross-piece  or  '  tiller.'  The  debris  in  the  small  pit  is  removed  by 
a  sludger,  which  can  be  either  attached  to  the  rods  or  let  down 
by  a  wire  rope  wound  on  a  drum  worked  by  a  small  horizontal  engine 
for  the  purpose. 

When  the  pit  has  been  bored  out  for  a  depth  of  20  or  30  yds., 
the  small  trepan  is  withdrawn  and  the  larger  tool  is  set  to  work. 

This  large  trepan  weighs  about  16  tons,  and  is  fitted  with  a  strong 
*  Ore  and  Stone  Afinitig^  C.  Le  Neve  Foster,  sixth  edition,  p.  288. 


u 


PlRACmCJLlL  COAL-MINllJG. 


iron  bow  in  the  centre  which  is  a  little  smaller  than  the  diameter  of 
the  small  pit,  into  which  it  fits,  acting  like  a  guide.  The  teeth, 
about  nine  in  number  on  each  side,  are  fixed  at  each  end  of  this  bow^ 
those  near  the  centre  being  longer  than  those  at  the  extremities 
(fig.  61),  the  object  being  to  make  the  tipper  edges  of  the  larger 
pit  slope  toward  the  small  pit,  which  has  already  been  bored,  and  so 
facilitate  the  free  passage  of  debris  into  the  receiving  bucket  or  pmi. 
This  bucket  or  pan  is  inserted  at  the  bottom  of  the  small  pit^  and 
the  refuse  falls  into  it,  as  it  is  cut  by  the  large  trepan. 

An  iron  bow  is  provided  on  this  bucket  which  can  be  caught  by  a 
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Figs.  58,  59,  and  60. — Small  ti-epau. 

grapnel  attached  to  the  rope,  and  thus  raised  to  the  surface.  Figs, 
61,  62,  and  63  show  detailed  drawings  of  the  large  trepan.  When  the 
sinking  has  reached  the  firm  rock  a  smooth  bed  is  carefully  prepared 
for  the  tubbing  and  the  moss-box  to  rest  on,  for  upon  the  tightness 
of  the  tubbing  depends  the  whole  success  of  the  process. 

This  bed  is  made  level  by  a  special  tool  somewhat  resembling  a 
large  pair  of  *  lazy-tongs.' 

When  the  shaft  has  been  sunk  to  the  required  depth,  the  most 
diflScult  part  of  the  work,  viz.,  the  lowering  and  fixing  of  the  metal 
tubbing,  is  then  proceeded  with.  This  consists  of  cast-iron  ring& 
a  a  (fig.  64),  the  full  diameter  of  the  finished  pit,  each  ring  being 
about   5   ft.   deep  and  varying  in   thickness  according  to  depth. 
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They  are  cast  with  internal  flanges,  and  the  rings  are  joined  to 
one  another  by  bolts  hit,  the  joints  being  made  water-tight  by 
the  insertion  between  them  of  thin  lead  sheeting.  At  the  bottom 
of  the  tubbing  are  two  rings  with  flanges  turned  outwards  and  so 
arranged  that  they  can  slide  over  each  other  (fig.  65). 

The  space  between  these  two  flanges  is  filled  with  moss,  which, 


Fios.  61,  62,  and  63. — Large  trepan. 

when  compressed  by  the  weight  of  the  tubbing  as  it  is  lowered  into 
position,  makes  a  water-tight  joint. 

Immediately  above  the  moss-box  c  a  false  curved  bottom  d 
is  bolted  on,  with  a  tube  e  in  the  centre,  which  allows  of  rods 
being  worked  through  it  and  the  pressure  of  water  to  be  lessened 
s&  the  tubbing  descends.  The  whole  column  of  iron  tubbing,  with 
moss-box   attached,   is  lowered  by  strong   iron    screws    and    rods 
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attached  to  heary  beams,  placed  over  the  shaft  at  the  surface  or 
to  beams  fixed  in  the  shaft  above  the  water-bearing  strata.  When 
the  coliuuQ  is  lowered,  the  space  left  between  tlie  outside  of  the 
tubbing  and  the  side  of  the  shaft  is  oarefuUy  filled  in  with  good 
cement  or  concrete,  lowered  in  boxes  so  constructed  that  their 
contents  can  be  discbai^ed  at  an;  definite  point  After  ample 
time  has  been  allowed  for  the  cement  to  'set'  and  harden,  the 
water  is  drawn  out  of  the  shaft  by  means  of  a  water-barrel  or  pump, 
and  the  rest  of  the  sinking  is  then  proceeded  with  in  the  ordinary  way. 


Figs.  64  and  ttt.— Kind-ChaDdroD  method. 

By  means  of  the  false  curved  bottom  or  diaphragm  mentioned 
above,  the  pressure  can  be  so  adjusted  that  the  tubbing  can  be 
practically  floated  into  position,  thus  reducing  the  strain  on  the 
lowering  rods  to  a  minimum.  Of  course,  at  great  depths  where, 
owing  U>  the  pressure,  the  metal  tubbing  requires  to  be  very  heavy, 
there  must  be,  of  necessity,  a  great  strain  on  the  lowering  rods.  It 
is  evident,  therefore,  that  the  method  of  installing  the  tubbing 
will  depend  largely  on  the  depth,  and  will  have  to  be  adjusted  to 
meet  special  cases. 
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Within  the  last  few  years  several  modifications  of  this  system 
of  sinking  have  been  introduced  and  carried  out  with  success.  The 
moss-box  is  no  longer  considered  necessary  in  the  fixing  of  the 
tubbing,  reliance  for  a  water-tight  joint  being  placed  in  making  a 
carefully  prepared  bed  and  good  cementing. 

At  a  shaft  sunk  by  the  Lievin  CJompany  in  the  north  of  France, 
the  shaft  was  bored  out  in  two  operations ;  a  first  pit  6  ft.  6  in. 
wide  being  sunk  to  a  depth  of  10  or  12  yds.  beyond  the  watery 
strata,  which  was  subsequently  enlarged  by  a  second  boring  to 
the  full  size.* 

On  reaching  the  required  depth  the  teeth  of  the  trepan  are  set 
so  as  to  cut  a  horizontal  and  level  bed  for  the  tubbing  to  rest  on, 
and  the  use  of  moss-box,  equilibriimi  tube,  and  false  bottom  can  be 
entirely  discarded.  Work  can,  by  this  method,  be  carried  on  with 
great  rapidity;  in  one  instance  the  small  shaft  was  bored  out  to 
a  depth  of  366  ft.  in  seventy-five  days,  the  larger  one  being  bored 
out  to  327  ft.  in  four  months  twenty-one  days,  and  fixing  the  tubbing 
occupied  two  months  longer.  The  ordinary  rate  of  boring  by  this 
system  is  9  to  12  in.  per  day,  according  to  the  depth  and  diameter 
of  the  shaft. 

Lippman's  Method. — This  method  of  sinking  is  practically  the 
same  as  the  Kind-Chaudron,  but  instead  of  the  shaft  being  bored 
out  in  two  or  three  operations,  it  is  completed  in  one,  i,e,  the  shaft 
is  bored  out  from  the  commencement  with  a  large  trepan  specially 
made  for  the  purpose. 

Advantages  ci  these  Systems. — For  this  and  the  Kind-Chaudron 
method  of  sinking  the  advantages  are  t : — 

The  uBe  of  pumpa  is  Avoided,  unless  when  the  shaft  requires  to  be  cleared 

after  the  tubbing  has  been  lowered. 
The  risk  of  accidents  to  workmen,  which  are  common  in  the  ordinary 

mode  of  sinking,  are  reduced. 
The   inconvenience   of  draining  the  surrounding  springs,  which  in  a 

populous  district  depending  on  these  for  a  water  supply  would  be  great, 

IS  avoided. 
Shafts  may  be  sunk  to  coal  seams  through  ground  which  it  would  be 

impossible  t»  deal  with  by  the  ordinary  methods  of  sinking. 

Against  these  advantages  there  must,  however,  be  set  the  fact 
that  these  methods  of  sinking  are  very  costly. 

The  cost  of  such  sinkings  may  vary  from  £60  to  £150  per  yard 
depth,  according  to  the  strata  and  the  difficulties  encounter^.  This 
price  does  not,  of  course,  include  the  cost  of  the  tubbing  and  other 
accessories. 

Pattberg  System. — This  system,  like  the  Kind-Chaudron,  is 
applied  for  drilling  out  shafts  in  water-bearing  strata  containing 
lai^  quantities  of  water.  It  somewhat  resembles  the  Kind-Chaudron 
method,  but  has  several  distinctive  features  which  are  quite  new, 

*  Ore  and  SUme  Mining,  sixth  edition,  p.  293. 
t  Tran$.  Min.  biat.  Scot.,  vol.  vi.  p.  28. 
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Two  shafts  have  recently  been  successfully   sunk   by   this   method 
at  the  Rheinpreussen  Colliery,  near  Homberg,  Germany. 

The  principal  appliances  used  in  this  method  of  sinking  are  the 
percussive  boring  tool  mounted  on  a  strong  wooden  or  wrought- 
iron  frame,  and  supported  by  a  tubular  boring  rod  (see  figs.  66,  67), 
and  two  mammoth  pumps,  the  whole  being  slung  from  a  scaffolding 
over  the  shaft,  and  an  oscillating  drum,  driven  by  a  steam  engine, 
for  giving  reciprocating  motion  to  the  cutter.  The  borer  B  (fig.  67) 
hangs  on  a  wrought-iron  tubular  boring  rod,  having  an  inside 
diameter  of  150  mm.  (6  in.)  and  15  mm.  (^  in.)  thickness  of 
metal.  The  chisel-carrying  part  r  is  also  of  wrought  iron.  It 
slopes  upwards  from  the  centre  to  both  sides,  so  as  to  cut  a  surface 
inclining  towards  the  centre  of  the  shafts,  and  has  on  either  side  a 
tube-like  piece  a,  from  which  the  small  channels  bb  branch  off  at 


Fig.  66.— Pattberg  System. 

right  angles  and  lead  into  the  corresponding  channels  in  the  steel 
chisel  teeth  zz.  The  tubular  boring  rod,  from  which  the  cutting 
tool  is  suspended,  is  in  communication  with  the  hollow  pieces  (a  a), 
and  supplies  the  water  which  flows  out  at  the  edge  of  the  chisel 
teeth.  The  vertical  and  horizontal  guiding  arms  u  and  v,  as  well 
as  the  other  supporting  pieces,  are  made  of  wood.  The  apparatus 
which  was  first  employed  had  a  cutting  edge  of  6*4  metres  (20*99 
ft.)  broad  and  8*3  metres  (26*89  ft.)  high  in  the  centre,  the  total 
weight  of  the  boring  piece  being  19,800  lbs. 

Instead  of  the  screws  hitherto  used  for  holding  the  individual 
parts  together,  wedges  were  used  for  this  new  borer,  as  it  was 
thought  that  owing  to  the  large  number  of  times  it  had  to  be 
raised  and  lowered,  the  screws  would  very  soon  become  loose. 
Further,  instead  of  constructing  this  borer  with  teeth,  a  straight 
cutting  edge  was  put  on. 
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At  either  side  of  the  tubular  boring  rods  is  one  mammoth  pump. 
TheBe  mttmmoth  pumps  consist  of  two  pipes  (R  H,  fig.  67)  of  3  mm. 
(-117  in.)  and  140  mm.  (6  5  in.)  inside  diameter.  The  pipes 
reach  down  almost  to  the  point  of  the  borer,  and  enclose  a  second 
pipe  of  the  same  thickness  and  100  mm.  (39  in.)  diameter.  In 
the  annular  space  between  the  two  pipes  compressed  air  is  brought 
from  the  surface,  which  is  allowed  t«  escape  a  little  above  the 
lower  end  iuto  the  inner  tulie.  This  causes  a  pressure  on  the 
surface  of  the  detrital  sludge,  causing  it  to  be  sucked  off  the  centre 
of  the  shaft  and  brought  to  the  surface. 

The  tubular  boring  rods  are  led  into  the  shaft  scaffolding  through 
a  hollow  guide,  and  have  on  the  top  a  revolving  piece  to  which  a 
rope  ia  fastened.  This 
rope  is  wound  round  an 
oscillating  drum  {I,  fig.  66), 
which  is  operated  by  a 
steam  engine  through  a 
crank  shaft  ;'  connected 
to  a  large  drum  or  disc 
N.  In  order  to  release  the 
boring  arrangement  the 
weight  hanging  on  the 
rope  is  partly  adjusted  or 
counterbalanced  by  steam 
pressure,  by  means  of  a 
plimger,  connected  by  a 
rod  g  to  the  drum  N. 

About    40    horse-power 
are  required  for  starting 
the    boring    arrangement. 
While   boring  is   proceed- 
ing, the  alternate  slacken- 
ing and  tightening  of  the 
rope,    to    give    percussion 
action  to  the  cutting  head, 
is  effected  in  the  following 
manner : — The  drum  (fig.  66)  revolves  on  the  asle  e  of  the  boring 
apparatus,  drum  I  and  another  disc  behind  1  are  fixed  to  the  axles  by 
w^ges.     The  disc  behind  holds  a  circular  rack  {i.e.  a  rod  with  teeth 
on    it)    into  which  the  spur-wheels  dd  catch.     From  a  pulley  also 
revolving  on  the  aile  e  these  spur-wbeels  are  driven  by  smaller  spur- 
wheels  n  II.     The  belt  connecting  the  pulley  with  another  one  fixed  on 
the  axle  of  the  disc  e  is,  as  a  rule,  slack.     When  it  is  made  tight 
the  teeth  wheels  dd  are   caused   to   revolve,    and   set   the    boring 
apparatus  in  motion.     For  the  purpose  of  changing  the  position  of 
the  cutting  tool  at  the  bottom  of   the   shaft,  a    '  Kriickel '    (tiller) 
V)  fitted  op  to  the  boring  rods  at  the  surface,  and  is   operated    in 


Fw.  87.— Puttbcrg  Cutter. 
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exactly  the  same  way  as  when  small  bore-holes  are  being  put 
down  by  the  ordinary  percussive  method.  For  the  lowering  and 
taking  out  of  the  borer  and  pumps  a  steam  crab  is  used,  which  is 
set  up  opposite  the  boring  appliance,  on  the  other  side  of  the 
shaft  scaffolding.  The  total  weight  of  the  tubular  rods  and  the 
necessary  pipes  amounts  to  297  lbs.  per  current  metre  (3*28  ft.). 
The  cutting  head  is  worked  at  the  rate  of  fifty  to  sixty  strokes  per 
minute  while  boring  goes  on,  the  height  to  which  the  cutter  is 
lifted  being  18  to  20  cms.  (7  to  8  in.).  At  every  round  the 
borer  is  set  in  afresh  twenty  to  sixty  times  per  minute  according  to 
the  resistance  offered  by  the  ground.  About  fifty  men  are  required 
in  connection  with  this  work.  They  are  spread  over  three  shifts  of 
eight  hours  each.  In  every  shift  foi^r  men  are  employed  on  the 
boring  stand. 

In  the  deepening  of  Shaft  IV.  at  the  Rheinpreussen  Colliery  a  sink- 
ing wall  of  8*90  metres  (29  19  ft.)  clear  diameter  was  built.  The 
boring  of  the  loose  ground  was  then  effected  by  means  of  a  breaking 
appliance  driven  by  hand  labour.  When  the  wall  had  been  sunk 
through  a  layer  of  gravel  of  a  depth  of  about  17  metres  (56  ft.), 
the  sinking  working  was  temporarily  suspended  and  the  bottom 
of  the  shaft  was  filled  up  with  concrete  for  a  depth  of  10  ft. 
After  giving  this  concrete  three  months'  time  to  become  hard, 
a  new  sinking  cylinder  of  6*5  metres  (21*32  ft.)  diameter  was 
built  in  and  the  sinking  resumed,  the  percussive  drill  being  used  to 
penetrate  through  the  concrete,  which  was  cut  at  the  rate  of  4  ft. 
per  day.  This  method  of  sinking  has  up  till  the  present  only 
been  applied  to  loose  water-bearing  strata,  and  it  has  yet  to  be 
demonstrated  that  it  would  be  equally  successful  in  hard  ground; 
but  in  view  of  the  satisfactory  results  obtained  in  boring  through 
the  concrete  layer,  this  does  not  appear  to  be  out  of  the  question. 

Gobert's  Freezing  Method. — In  the  Poetsch  freezing  system,  when 
any  great  depth  is  reached,  the  pressure  of  the  liquid  within  the 
tubes  becomes  very  high,  and  frequently  brings  about  leakage  of  the 
liquid  into  the  surrounding  strata,  which  renders  it  impossible  to 
freeze  them  effectually.  In  order  to  obviate  this  difficulty  Gobert 
uses  a  cold  transmitter,  the  pressure  of  which  is  lower  than  that  of 
the  water  outside  the  tubes,  while  anhydrous  ammonia  vapour  is 
used  instead  of  the  freezing  liquid  in  Poetsch's  system.  With 
ammonia  vapour  very  low  pressures  can  be  maintained,  even  at  great 
depths,  and  if  the  tubes  are  not  water-tight,  instead  of  ammonia 
leaking  out,  the  water  from  the  suiTouuding  strata  would  force  its 
way  in,  and  a  coating  of  ice  would  be  formed  on  the  inside  of  the 
tubes,  which  would  check  the  further  inflow  of  water. 

In  order  to  vaporize  the  liquid  ammonia  in  the  tubes,  these  have 
to  be  connected  with  a  suction  and  force  pump.  This  piunp  sucks 
in  the  gas  and  compresses  it  into  a  liquid,  with  the  help  of  a  con- 
denser, and  then  forces  it  into  the  freezing  tubes.      In  order  to  avoid 
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the  fall  of  the  liquid  to  the  bottom  of  iho  freezing  tube,  and  to 
vaporize  as  much  of  it  as  posaible  in  a  given  unit  of  time,  the  injector 
is  made  of  a  form  spiral  in  one  plane  (see  figa.  68,  69).  The  liquid, 
the  entrance  of  which  into  the  injector  ia  carefully  regulated,  falls 
slowly  in  a  thin  stream  within  this  spiral  tube,  and  meete  ou  its  way 
a  series  of  small  orifices  placed  at  various  intervals  in  the  tube.  By 
these  orifices  the  liquid  escapes  into  the  freeaiug  tube,  and  vaporizes. 
In  the  Poetach  system  the  watery  strata  must  be  all  frozen  from 
the  bottom  upwards  before  the  sinking  can  be  proceded  with,  hut  by 
Qohert's  method  the  strata  are  frozen  from  the  top  downwards,  thus 
allowing  sinking  operations  to  be 

started    much    sooner.     Simul-  Met 

taneously  with  the  sinking  opera- 
tions, fresh  strata  can  be  suo- 
cessively  frozen,  and  so  allow  of 
continuous  sinking.  Freezing 
of  the  strata  can  be  carried  to 
great  depths  by  this  system ; 
Oohert  states  that  strata  at  a 
depth  of  3000  ft.  from  the  sur- 
face can  be  dealt  with.  For  a 
recent  sinking  the  cost  of  this 
system  was  £iQ  per  foot. 

Koch's  PreeziDg  System.— 
This  system  resembles  that  of 
Gobert's,  but  gaseous  carbonic 
acid,  ammonia,  or  a  mixture  of 
sulphur  dioxide,  is  used  as  the 
refrigerating  agent.  Anhydroiu 
ammonia,  which  has  a  density 
of  0'59,  taking  air  as  l,and  boils 
at  -  40°  C.  at  atmospheric  pres- 
sure, is  generally  used.     At  the 

Washington  Colliery,  Durham,  Fiob.  98  «nd  68. -Gobert's  (reering  tube, 
where  the  first  two  shafts  sunk 

by  this  system  in  Britain  were  bored,  the  evolving  brine  used  was  a 
solution  of  36  per  cent,  of  m^neeium  chloride  dissolved  in  hot  water, 
which  freezes  at  a  temperature  of  -  34*  C.  The  refrigerating  agent 
is  first  subjected  to  a  pressure  of  150  lbs.  per  sq.  in.  by  two  com- 
pressors, and  then  delivered  into  a  small  receiver,  from  which  it  passes 
to  the  condensers,  through  a  pipe  3  in.  diameter,  and  thence  into 
four  tubes,  each  1  in,  diameter.  These  condensers  are  vertical  iron 
oylinders,  10  ft.  high  and  5J  ft.  in  diameter,  and  contain,  in  tiers  of 
four  rings,  160U  ft.  of  tubing,  1  in.  diameter,  through  which  the 
ammonia  circulates.  About  4000  gallons  of  water  per  hour  circulate 
through  the  condensers,  the  water  being  kept  in  constant  motion  by 
pieans  of  paddles,     This  cools  the  ammonia,  reducing  it  to  a  liquid. 
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The  condensers  are  connected  to  the  refrigerators  by  piping  1  in. 
diameter,  the  refrigerators,  like  the  condensers,  being  vertical  iron 
cylinders,  10  ft.  high  and  7  ft.  in  diameter.  These  refrigerators,  of 
which  there  are  three,  are  jacketed  first  with  3  in.  of  peat-moss  and 
then  encased  with  wood.  They  are  filled  with  the  brine,  and  contain 
about  2000  ft.  of  tubing  1  in.  diameter,  through  which  the  ammonia 
circulates  after  passing  through  reducing  yalves,  which  has  the  eifect 
of  reducing  the  pressure  from  150  lbs.  to  about  15  lbs.  per  sq.  in. 
At  this  point  the  ammonia  is  immediately  changed  from  the  liquid 
to  the  gaseous  state,  and  as  this  can  only  be  done  by  absorption 
of  heat  corresponding  to  the  latent  heat  of  vaporization,  this  heat  is 

taken  from  the  surrounding  bath  of  brine,  which 
is  thereby  greatly  reduced  in  temperature. 

At  the  Washing^n  Colliery,  before  commenc- 
ing the  freezing  process,  the  top  of  the  shaft 
was  enclosed;  and  the  exposed  pipes  covered 
with  straw.  A  hole  was  bored,  and  a  pipe  18 
ft.  long  inserted  in  the  middle  of  the  shaft,  and 
the  height  and  temperature  of  the  water  in  the 
hole  was  noted  as  the  gradual  increase  of  ice- wall 
slowly  caused  the  water  to  rise. 

Poetsch's  Method. — In  this  system  of  sink- 
ing, watery  strata  is  artificially  solidified  by 
freezing.  A  series  of  bore-holes  are  first  put 
down  in  the  area  where  the  shaft  is  to  be  sunk, 
and  these  are  then  lined  with  tubing  through 
which  a  freezing  solution  of  chloride  of  calcium 
is  made  to  circulate  by  means  of  pumps.  The 
freezing  mixture,  which  is  at  a  very  low  tem- 
perature, absorbs  heat  from  the  surrounding 
watery  strata,  which  freeze  into  a  solid  mass, 
when  the  excavation  of  the  shaft  can  be  carried 
on  in  the  ordinary  way.  Fig.  70  gives  a  sketch 
of  the  freezing  pipes  which  are  inserted  into  the 
bore-holes.  They  consist  of  an  outer  and  inner 
tube,  the  freezing  liquid  being  forced  down  the  smaller  inner  tube 
circulating  round  the  outer  one,  and  escaping  at  the  top,  where  it  is 
led  back  to  the  refrigerating  machine  and  used  over  again. 

The  large  tubes,  which  are  6  in.  to  8  in.  diameter,  are  plugged  up 
at  the  bottom  with  lead,  cement,  or  any  other  substance  that  will 
render  them  water-tight;  great  care  being  taken  to  make  this 
stopping  secure,  as  the  success  of  the  operation  practically  depends 
on  this  precaution. 

The  number  of  tubes  required  will  depend  on  the  strata  and  the 
difficulty  or  otherwise  of  solidification.  At  a  pit  sunk  at  Lens  in  the 
north  of  France  by  this  method,  the  area  frozen  was  about  40  ft. 
dian^eter  and  137|  ft.  deep,  the  Quipber  pf  tube^  used  was  28,  and 


Flo.  70.— Freezing 
pipe. 
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the  freeing  of  the  strata  took  about  120  days.     Figs.  71,  72  show 
the  general  arrangement  of  the  tubes  in  the  shaft. 

In  this  system  there  is  considerable  risk  of  failure ;  for  should 
there  be  any  leakage  or  improper  plugging  of  the  tubes,  the  freezing 
mixture,  which  is  itself  uncongealable,  may  escape,  and  by  permeating 
the  strata  render  attempts  to  freeze  the  water  futile.  The  freezing 
mixture  or  brine  is  usually  a  20  per  cent,  solution  of  calcium  chloride 
in  water.  It  is  cooled  by  means  of  ammonia,  circulating  in  coils,  at 
a  pressure  of  9  atmospheres  (135  lbs.  per  sq,  in.),  in  a  liquid 
state.     The  temperature  of  the  coils  is  20  to  22°  C.  below  zero,  and 


Fios.  71  and  72. 

the  brine  leaves  the  cistern  at  a  temperature  of  about  -  12°  C.  and 
returns  to  it  at  —  9°  C. 

Accessories  to  Shaft  Sinking.' — The  operation  of  raising  the 
excavated  material  during  sinking  is  usually  done  by  kibbles  or 
bucketit,  which  may  be  nwde  either  of  iron  or  wood.  The  best  form 
of  sinking  kibble  is  that  in  which  the  arms  are  tiied  on  trunnions 
with  a  catch  at  the  top.  Fig.  73  illustrates  this  kind  of  kibble.  The 
great  advantage  of  using  one  of  this  sort  is  that  it  can  be  completely 
and  eaaily  emptied  without  requiring  to  be  detached  from  the  winding 
rope,  or  even  lowered  on  to  a  scaffold,  For  if  it  he  swung  clear  of  the 
shaft  it  can  readily  be  emptied  at  any  desired  point  by  knocking  up 
the  catch  a,  which  releases  the  arms  and  allows  the  body  of  the 
bucket  to  revolve  on  the  tnmnions  b  h.  Sometimes  kibbles  constructed 
of  wood  and  bound  with  iron  are  used  instead  of  iron  ones,  but  they 
ar«  not  so  handy  nor  yet  so  durable  aa  those  made  of  iron.     Fig.  74 
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ahowB  a  wood  kibble  which  is  well  adapted  for   raieing  water  and 
ordinary  material. 

Before  the  kibble  is  raised  from  the  bottom  of  the  pit,  the  sinker 
in  charge  ought  to  exanune  it  to  see  that  the  fastenings  are  secure, 
and  that  no  stonea  are  likely  to  fall  off,  or  that  none  are  sticking  to 
the  outside  of   the   kibble,    liable   to   be 
knocked  off  diuHng  the  ascent  of  the  kibble, 
and  possibly  injure  those  who  are  working 
in  the  shaft     The  same  precautions  should 
be  adopted  at  the  surface  when  the  kibble 
is  being  lowered  into  the  pit. 

Safety  Riders. — In  the  majority  of  shafts 
in  process  of  sinking,  the  kibble  is  raised 
without  being   guided    in    any    way ;  the 


Fio.  73.— Iron  kibble. 


YiQ.  74.— Wooden  kibble. 


Q  method  being  for  the  engiueman  to  raise  it  a  few  feet  from 
the  pit-bottom  when  it  is  filled,  and  it  is  steadied  for  a  few  moments 
by  one  of  the  sinkers,  and  then  drawn  right  away  to  the  surface. 
This  method  acts  very  well  if  there  is  plenty  of  space  in  the  shaft, 
and  the  depth  not  great ;  but  when  the  depth  becomes  considerable, 
and  cross-buutons  require  to  be  fixed,  pwticularly  in  rectangular 
shafts,  there  is  danger  of  the  kibble  catching  these,  and  doing  much 
damage  to  the  sides  of  the  shaft,  and  causing  injury  to  the  men  at 
the  pit-bottom.  To  obviate  risks,  guides  are  sometimes  carried  down 
as  the  sinking  proceeds,  and  a  rider  employed  to  run  between  the  con- 
ductors and  guide  the  kibble,  and  also  to  keep  it  from  swinging. 


SINKING. 
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Fig.  75  shows  the  construction  of  a  rider,  made  wholly  of  iron, 
to  suit  wire  rope  guides.  Such  a  rider  runs  upon  four  bushes 
connected  to  the  arms,  the  winding  rope  passing  through  an  opening 
in  the  centre  sufficiently  large  for  the  rope  to  pass  through  freely, 
but  too  small  to  permit  the  capping  to  do  so.  At  a  short  distance 
from  the  pit-bottom  conductors  are  fastened,  or  a  projection  is  fixed 
to  them,  so  that  they  may  grip  the  rider  when  it  reaches  that  point. 
The  rope  continues  to  descend  through  the  central  opening  until  the 
kibble  reaches  the  pit-bottom,  while  the  rider  is  securely  held  above. 
On  the  upward  journey  the  rope  runs  through  until  the  capping 
strikes  the  rider,  which  is  then  carried  up  to  the  surface,  guiding 
the  kibble  during  its  ascent.  Figs.  76,  77  show  the  details  of  the 
bush  and  gland  which  run  on  the  rope  at  a  a  and  h  h. 


Eleyation. 


Plan. 


Figs.  75,  76,  and  77.— Iron  rider. 

When  wood  conductors  are  used  a  differently  constructed  rider 
is  required.  A  form  of  conductor  which  is  simple  and  efficient 
under  these  circumstances  consists  of  four  pieces  of  wood  e  e  (figs. 
78,  79),  connected  by  two  upright  pieces  //  firmly  bolted  together. 
The  space  between  these  is  filled  by  pieces  of  wood  g  g^  and  only  an 
opening  about  4  in.  square  is  left  in  the  centre  for  the  winding 
rope  to  pass  through.  Near  the  bottom  of  the  guides  two  cleats  are 
fixed,  h  A,  for  the  rider  to  rest  on,  while  the  kibble  proceeds  to  the 
pit-bottom.  On  the  capping  of  the  rope  one  or  two  pairs  of  glands 
i  are  fixed,  for  the  purpose  of  catching  the  rider  and  carrying  it  to 
the  surface  during  the  ascent  of  the  kibble.  The  advantages  of 
using  a  rider  during  sinking  are,  that  the  winding  of  the  kibble 
can  be  carried  on  at  a  much  greater  speed  than  if  no  rider  be  used 
while,  as  before  stated,  it  is  prevented  from  swinging  about  and  so 
endangering  the  men  working  below. 
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The  guides,  if  composed  of  wire  ropes,  should  be  frequently  ex- 
amined and  kept  well  lubricated,  particularly  during  frosty  weather. 
Great  care  ought  to  be  taken  to  keep  ice  from  forming  on  the  guides, 
as  such  obstructions  prevent  the  rider  from  running  freely,  and  it 
may  then  stick  in  the  shaft  and  perhaps   fall  away  and  do   much 

injury.  Fatal  accidents  have  occurred 
through  the  rider  sticking  and  then 
dropping  away  suddenly. 

VentUating  Shafts  during  Sinking. 
— ^While  sinking  is  going  on  a  suffi- 
cient supply  of  air  must  be  provided 
at  the  bottom  of  the  pit,  to  clear  away 
the  smoke  due  to  blasting,  and  enable 
the  men  to  work.  This  may  be 
accomplished — 

(1)  By  dividing  the  shaft  by  means  of  a 
close  brattice  and  connecting  one  side 
of  the  engine  chimney  or  stack. 

(2)  By  carrying  down  a  column  of  steam 
pipes  and  allowing  steam  to  escape 
through  a  jet  or  nozzle  in  the  closed 
compartment  of  the  shaft. 

(3)  By  ventilating  the  pit,   by  erecting 
-i^^^i^  either  a  temporary  or  the  pennanent 

fan  and  connecting  it  with  the  pit 

The  first  method  is  sometimes  used, 
but,  of  course,  would  not  be  suitable 
Quide    if  fire-damp  were  expected  to  bt  given 
oflF  freely.    Connecting  the  air  drift  to 
the  flue  of  the  chimney  stack  acts  in 
the  same  way  as  a  ventilating  furnace 
Figs.  78  and  79.— Eider  for  wood    underground  by  heating  the  air  cur- 
conductors,  rent,  and  thereby  causing  a  circulation 

of  air  in  the  shaft. 
The  steam  jet  is  a  simple  and  handy  way  of  ventilating  shafts 
during  sinking,  and  can  be  very  easily  applied,  particularly  if  steam 
pipes  have  to  be  carried  down  to  pumps  in  the  shaft.  Often  the 
heat  given  off  by  these  pipes  is  quite  sufficient  to  ventilate  the  shaft 
without  the  aid  of  a  steam  jet. 

Probably  the  best  method  is,  however,  to  use  a  small  temporary 
fan  to  force  air  down  to  the  bottom  of  the  pit.  At  Viewpark 
Colliery,  Uddingston,  while  two  shafts  were  being  sunk,  with  a 
distance  of  about  50  ft.  separating  them,  a  small  fan  was  used,  con- 
nected to  both  shafts  by  a  wooden  drift  or  box  3  ft.  high  and  2  ft. 
broad,  and  made  of  flooring  deals  closely  jointed  together.  Each 
shaft  was  divided  by  a  close  brattice  and  a  connection  made  to  the 
fan  drift  or  air  box.  Smaller  boxes  were  carried  down  the  shaft. 
Sometimes  pipes  of  large  diameter  made  of  thin  sheet-iron  are  used 
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instead  oE  boxes.  A  force  fan  is  preferable  to  &n  exhaust  fan  for 
ventilating  sinking  shafts,  as  the  bottom  of  the  pit,  after  blasting, 
will  be  more  quickly  cleared,  and  the  men  can  resume  work  sooner. 

Enlarging  Shafts. — Shafts  sometimes  become  too  small  for  the 
amount  of  work  required  to  be  done  in  them,  and  require  to  be 
enlarged.  If  winding  has  to  be  completely  stopped  and  under- 
ground operations  abandoned  while  sucb  enlargement  is  taking  place, 
the  best  method  would  be  to  entirely  fill  up  the  abaft  with  some 
l^ht,  loose  material,  and 
I  start  the  enlargement  from 

the  surface,  and  carry  on 
sinking  in  the  usual  way. 
If  the  regular  work  of  the 
colliery  has,  on  the  other 
hand,  to  be  carried  on,  and 
the  shaft  contains  pipes,  etc., 
which  it  is  uudeairable  to 
interfere  with,  then  enlarg- 
ing a  shaft  is  not  such  an 
easy  matter  to  accomplish. 
Each  case  must  of  course  bo 
dealt  with  according  to  the 
circumstances.  The  enlarge- 
ment of  a  shaft  of  which  the 
writer  has  personal  know- 
ledge was  carried  out  in  the 
following  manner. 

The  colliery  coneista  of  two 
rectangular  shafts,  one  being 
used  as  an  up-cast  and  the 
other  as  a  down-cast.  The 
lining  of  the  former  showed 
signs  of  giving  way,  and  the 
shaft  hod  also  departed  from 
the  vertical,  while  repairs  of 
„„      ,  „       „  the  wood  lining  had  made  it 

Fios.80»Dd8].-Timb«i„gofsh.fte.        smaller  than  it  was  origin- 
ally.    It  was  determined  to 
renew  the  whole  of  the  lining,  render  the  shaft  vertical  and  enlarge 
it  somewhat,  while  at  the  same  time  the  whole  of  the  winding  was 
to  be  carried  on  at  the  down-cast. 

To  have  filled  up  the  pit  completely  would  have  stopped  venti- 
lation, and  consequently  stopped  work  by  the  colliers.  The 
enlargement  was  therefore  carried  out  in  stages  of  10  fms.  or  so, 
by  putting  in  a  scaffold,  resting  on  strong  beams,  in  the  shaft,  this 
soafFold  being  completely  closed  with  the  exception  of  an  opening 
of  about  4  ft.  square,  to  allow  of  a  wood  box  passing  through  for 
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the  purposes  of  ventilation  (see  figs.  80,  81).  This  air-box,  con- 
structed of  planking  9  in.  x  3  in.,  firmly  fitted  together,  was  carried 
down  past  the  scaffold  for  a  short  distance,  and  also  up  to  the 
surface,  and  connected  to  the  fan.  The  shaft  was  now  fiU^  in  with 
ashes  to  the  surface.  The  enlarging  of  this  portion  of  the  shaft 
was  then  proceeded  with  and  new  lining  put  in.  The  other  sections 
of  the  shaft  were  dealt  with  in  a  similar  manner  until  the  whole 
shaft  had  been  renewed  to  a  depth  of  nearly  200  yds.  The  work 
was  carried  out  expeditiously,  and  the  whole  of  the  output  was 
dealt  with  at  the  other  shaft.  This  method  may  be  easily  under- 
stood from  figs.  80,  81. 

Another  method  which  the  author  has  seen  used  for  enlarging 
shafts  is  to  use,  instead  of  the  wooden  boxing  described  above,  a 
wrought-iron  or  steel  cylinder,  3  or  4  ft.  diameter  and  18  or  20  ft. 
long,  an  old  flue  of  a  Lancashire  boiler  serving  well  for  the  purpose. 
A  strong  scaffold  is  put  in,  leaving  an  opening  for  the  tube  to  move 
through,  and  the  pit  is  filled  with  ashes  or  other  debris  as  already 
described.  The  tube  is  hung  by  a  steel  wire  rope  led  from  a  steam 
winch  on  the  surface,  and  as  each  section  of  enlargement  is  carried  on, 
the  tube  is  lowered  so  as  to  always  keep  the  top  of  it  a  little  distance 
above  the  filled-in  debris.  By  this  method  a  scaffold  requires  to  be 
put  in  and  the  shaft  enlarged  in  sections  of  18  or  20  ft.,  or  according 
to  the  length  of  the  tube  used.  This  system  has  the  advantage 
that  the  iron  tube  is  not  so  easily  damaged  as  the  wood  boxmg  if 
blasting  has  to  bo  resorted  to. 


CHAFTEE  IV. 

EXPLOSIVES. 

Definition. — An  explosive  is  a  substance  the  decomposition  of  which 
results  in  the  sudden  expansion  of  its  components  into  a  volume  of 
heated  gases  many  times  exceeding  its  original  bulk. 

The  strength  of  an  explosive  depends  upon  the  volume  of  gases 
liberated,  the  rate  at  which  decomposition  proceeds,  and  the  tempera- 
ture of  ignition.  The  gases  liberated  by  the  ignition  of  gunpowder, 
for  instance,  amount  to  about  2000  times  the  original  volume  of 
the  powder  used.  The  force  Exerted  by  ordinary  blasting  powder 
has  been  ascertained  to  be  about  22,000  foot-pounds  per ^q.  in. 

The  actual  work  performed-iSylwTjrexplosiVe  used^n  blasting 
operations  is  limited  by  incomplete  combustion,  compression,  etc.,  by 
waste  of  energy  in  cracking  and  in  heating  material  not  displaced, 
and  by  the  escape  of  gases  through  the  shot-hole  and  through 
fissures  in  the  rock. 

The  efficiency  of  explosives,  i,e,  the  proportion  borne  by  the  work 
done  to  the  theoretical  energy  liberated,  has  been  estimated  to  range 
from  4  to  33^per  jenE 

Glasstficflti^^of  Explosives. — Explosives  may  be  classified  in 
different  ways,  such  as  rending  and  shattering,  or  high  and  low,  but 
the  usual  systems  adopted  are :  (1)  according  to  method  of  igniting ; 
(2)  according  to  composition.  Under  the  first  head  they  may  be 
subdivided  as  follows : — 

Explosives  the  decomposition  of  which  is  due  to  simple  combustion,  as  in 

tne  case  of  ordinary  gunpowder. 
Explodves  in  which  detonation  occurs  simultaneously  throughout  their 

mass,  as  Ammonite,  Amvis,  Bellite,  Roburite,  etc. 
Explosives  which  partly  detonate  and  partly  bum,  such  as  Carbonite, 

Eynite,  Gelignite,  etc. 

Classification  according  to  Composition  (Cundhill) : — 

Gunpowder,  ordinarily  so-called. 

Nitrate  mixtures  other  than  gunpowder. 

Chlorate  mixtures. 

Nitro-compounds  containing  nitroglycerine,  including  the  dynamite  series. 

Nitro-compounds  not  contaming  nitroglycerine,  such  as  guncotton,  etc. 

Miscellaneous  explosives. 
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Gunpowder  is  largely  used.     It   is  ch^g,  comparatively  slow   in 

action,   and   therefore   suitable~tbT^'oatand"sbft   rocks,   and  less 

"Saugefous  than  some  of  the  nitro-compoiradsT'^^Oirthe^Trtiier  hand,  it 

is  very  dangerous  in  the  presence  of  fire-damp  and-^oal^dust^nd  its  use 

is  now  prohibited  in  certain  collieries  by  order  of  the  Home  Secretary.* 

Gunpowder,  if  exploded  in  large  quantities,  is  also  dangerous  to 
life,  owing  to  the  large  percentage  of  carbon  monoxide  it  gives  off, 
and  no  explosives  which  give  rise  t^T^ttrfS^^gCfiTouglirTb  be  used  for 
extensive  blasting  in  mines,  because  of  the  risk  of  injury  to  health,  and 
also  because  even  small  traces  of  carbon  monoxide  have  been  proved 
to  render  mixtures  of  coal-dust  and  air  highly  explosive,  a  point  fre- 
quently overlooked  in-ea!perfarient8"witb  explosives.  On  firing  \\  lbs. 
of  blasting  powder,  over  3  cub.  ft.  of  combustible  gas,  consisting 
chiefly  of  carbon  monoxide,  would  be  produced,  and  this,  when  mixed 
with  pure  air,  would  give  over  10  cub.  ft.  of  an  explosive,  or,  at  least, 
a  rapidly  burning  mixture.  The  approximate  composition  of  ordinary 
gunpowder  is :  Nitrate  of  potassium  (saltpetre),  75  per  cent. ;  carbon, 
15  per  cent. ;  sulphur,  10  per  cent. 

When  gunpowder  is  exploded  56  per  cent,  of  solid  matter  is  formed 
and  44  per  cent,  of  gas,  or  roughly,  the  solid  matter  is  to  the  gaseous 
as  6  to  4.     Ordinary  blasting  powder  explodes  at  600°  F. 

By  the  explosion  of  ordinary  powder  the  following  gases  are 
produced  t : — 


Volumes 

Volumes 

per  cent. 

per  cent. 

Carbon  dioxide, 

32-16 

Sulphuretted  hydrogen,  . 

7-10 

Carbon  monoxide,  . 

83-76 

Marsh  gas,     . 

2-73 

Nitrogen, 

19-03 

Hydrogen, 

5-24 

100-00 


From  the  foregoing  it  will  be  seen  that  gunpowder  gives  off  a 
large  percentage  of  carbon  monoxide,  which,  as  already  stated,  is 
very  objectionable.  The  sulphur  is  also  objectionable,  and  is  by 
many  makers  reduced  to  a  minimum.  Gunpowder  is  very  effective 
in  breaking  down  coal,  and  is  readily  kept  in  good  condition. 

The  following  are  typical  blasting  agents  of  the  gunpowder  type  : — 


Special  Bulldog 

Bobbinite 

Powder. 

No.  1. 

Nitrate  of  potassium,  . 

84-86 

62-65 

Charcoal,    .... 

12-13 

17-1 9i 

Moisture,    .... 

•  •  • 

2i 

Carbonate  of  magnesium,     . 

2i-8J 

•  •  • 

Sulphur,     .... 

»•  ■ 

11-21 

Sulphate  of  ammonium, 

:} 

18-17 

Sulphate  of  copper. 

■   •    ■ 

*  See  Coal  Mines  Explosives  Orders,  1897-1904. 

t  Ore  and  Stone  Mining^  Prof.  Le  Neve  Foster,  sixth  edition,  p.  223. 
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To  be  compressed  to  a  pellet,  density  1*42,  and,  in  the  case  of 
bobbinite,  to  be  coated  with  paraffin  wax  melting  at  1 20'  F.  Both 
explosives  to  be  fired  by  electric  fuse  containing  5  grains  of  gun- 
powder, or  with  equivalent  efficient  explosive. 

Other  varieties  of  gunpowder,  introduced  of  recent  years,  are  the 
following : — 

Constituents.  Argus  Powder.     Earthquake  Powder. 

Nitrate  of  potassium,  70-82  78-81 

Carbon, 17-20  19-28 

Distilled  or  pure  sulphur,  ^-1  }  (optional) 
Oxalate  of  ammonium,    ... 

Constituents.  Elephant  Brand.       Oxalate  Powder. 

Nitrate  of  potassium,      .  74-76  63-73 

Carbon 14f-15i  12-15| 

Pure  or  distilled  sulphur,  9-11 

Oxalate  of  ammonium,    .                 .  ...  13^16^ 

Chlorate  Mixtures. — Explosives  containing  chlorate  of  potash  are 
regarded  as  too  dangerous  for  mining  purposes,  being  peculiarly 
sensitive  to  slight  shocks,  blows,  etc. 

Nitrate  Mutures  other  than  Gunpowder. — In  this  class  of 
explosives  nitrate  of  sodium  (Chili  saltpetre)  is  substituted  for 
potassium  nitrate.  Such  mixtures  are  cheaper,  but  are  absorbent,  or 
deliquescent,  i.e.  they  take  up  moisture  from  the  atmosphere  and 
are  therefore  unsuitable  for  mining  purposes. 

Nitro-compounds  containing  Nitroglycerine. — In  this  class  are 
included  all  those  *  high '  explosives  which  arc  so  useful  in  mining, 
and  particularly  in  blasting  operations  in  hard  rock.  Nitroglycerine 
is  a  light  yellow,''75ll3r'nqilt^  "h£vtng"Vsp?5CTIhr-gfavity  of  1*6.  It 
freezes  at  40'  F.T'aSd'efplodes  with  great  violence  at  360*  F.,  or 
when  subjected  to  a  sudden  shock.  It  is  less  sensitive  to  blows  and 
detonation  when  frozen  than  when  in  the  liquid  state.  Its  use  in 
the  pure  state  is  forbidden  in  Britain. 

Blading  Gelatine, — This  is  one  of  the  most  powerful  explosives 
used  in  mining.  Its  manufacture  is  both  difficult  and  dangerous, 
but  when  once  made  it  is  one  of  the  safest  of  explosives.  It  contains 
93  per  cent,  to  95  per  cent,  of  nitroglycerine,  and  5  per  cent,  to 
7  per  cent,  of  nitro-cotton. 

It  is  less  rapid  in  detonation  than  dynamite,  and  is  quite  insoluble 
in  water,  in  which  it  may  be  kept  without  deterioration.  In  its 
plastic  state  it  is  less  sensitive  to  shocks  or  blows  than  dynamite,  but 
when  frozen  it  is  more  so.  A  rifle-bullet  fired  into  a  frozen  mass  of 
it  causes  an  explosion,  while  no  effect  is  produced  by  the  same  treat- 
ment in  an  unfrozen  condition.  Its  relative  sensibility  to  detonation 
compared  with  dynamite  has  been  accurately  ascertained,  0*8  grain 
of  *  cap  mixture '  being  required  to  explode  a  given  charge  of  No.  1 
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dynamite,  while  the  best  blasting  gelatine   requires,  for   the  same 
charge,  3  grains. 

Relative  efficiency  of  different  explosives  with  same  charge  : — 


Blasting  gelatine  (98  per  cent,  nitroglycerine  and  7  per  cent,  nitro 

cotton), 
Nitroglycerine, 
No.  1  dynamite, 
No.  2  dynamite, 
Gunpowder  (extra  strong), 


1000-00 
907  14 
rt42'85 
378 -57 
194-28 


It  will  thus  be  seen  that  blasting  gelatine  is  about  three  times 
more  efficient  than  ordinary  dynamite,  and  about  fives  times  stronger 
than  gunpowder. 

Dynamite, — This  explosive  is  manufactured  by  impregnating 
diatomaceous  Kieselguhr,  a  spongy  earth  obtained  from  Germany, 
with  nitroglycerine. 

Its  average  composition  is  :  Nitroglycerine,  75  per  cent. ;  kieselguhr, 
25  per  cent. 

When  in  a  proper  condition  dynamite  is  plastic,  may  be  safely 
handled,  and  is  very  convenient  for  use  as  an  explosive.  Irregularly 
shaped  holes  are  easily  charged  with  it,  and  it  does  not  explode  at 
ordinary  temperature  either  by  spark  or  flame,  but  requires  detonation. 
When  dynamite  cartridges  are  at  a  temperature  below  32**  F.  they 
will  only  detonate  with  difficulty.  When  their  temperature  falls 
below  40°  F.  they  are  not  in  a  safe  condition,  owing  to  their 
increased  sensitiveness  to  shock.  When  in  a  frozen  condition  they 
should  only  be  thawed  by  the  warming-pans  provided  by  the  makers, 
and  not  heated  in  tin  cans  over  fires  or  carried  about  in  trouser  pockets, 
as  is  too  often  done  by  miners. 

Relative  Efficiency  of  Gunpowder  and  Dynamite. 
For  Equal  Weights.  For  Equal  Bulks. 


Gunpowder  =  1  '00 
No.  1  dynamite =3*75 
No.  2  dynamite =2 '00 


Gunpowder  =  1  "00 
No.  1  dynamite =6 '00 
No.  2  dynamite =8 'SO 


The  use  of  dynamite  results  in  economy  of  labour  and  tamping, 
loose  sand  being  sufficient.  It  can  be  used  in  watery  rock,  and  gives 
off  but  little  smoke. 

Safety  or  Flameless  Explosives. — In  all  fiery  or  dusty  mines 
where  it  is  absolutely  necessary  to  prevent  flame  issuing  from  a  shot 
on  explosion,  one  or  other  of  the  numerous  safety  explosives  must 
be  used. 

The  Home  Secretary  has  it  in  his  power  to  prevent  the  use  of 
such  explosives  as  he  may  deem  unsafe  for  mines,  and  before  any 
explosive  can  be  considered  safe  for  such  mines  it  must  be  tested 
at  a  station  provided  by  the  Government  for  this  purpose  at  Woolwich. 

The  following  is  a  complete  list  of  the  names  of  explosives  permitted 
by  the  Act  which  came  into  force  Ist  January  1898,  and  was  revised  in 
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CJoal   Mines  Orders  of  the  20th  December  1902,  of  the  24th   April 
1903,  of  the  5th  September  1903,  and  of  the  10th  December  1903  :— 


Albionite. 

Ammonal. 

Ammonite 

Amvis. 

Aphonite. 

Afkite. 

Bellite  No.  1. 

BeUite  No.  8. 

Bobbinite. 

Britonite. 

C&mbrite. 

Garbonite. 


Name  of  Explosivs. 

Clydite. 

Goronite. 

Dahmenite  A. 

Dragonite. 

Electronite. 

Fayersham  Powder. 

Fracturite. 

Geloxite. 

HayliteNo.  1. 

Kynite. 

Neffro  Powder 

Noble  Ardeer  Powder. 


Nobel  Garbonite. 

Normanite. 

Pit-ite, 

Robnrite  No.  8. 

Saxonite. 

Stow-ite. 

Thunderite. 

Victorite. 

Virite. 

Westfalite  No.  1. 

Westfiilite  No.  2. 


Other  ezplosiyes  are  being  tested  from  time  to  time  and  added  k) 
the  list.  It  must  be  understood  that  the  above  list  of  permitted 
explosives  does  not  form  a  guarantee  by  the  Home  Office  that  the 
explosives  are  safe  under  all  conditions ;  it  only  signifies  tliat  those 
named  have  passed  the  Woolwich  test,  and  the  mine-owner  is  left 
to  choose  the  explosive  that  he  thinks  may  be  safest  to  use  under 
the  conditions  prevailing  at  any  given  colliery.  To  assist  mine- 
owners,  however,  the  Home  Secretaiy  issued  a  notice  in  October 
1899,  intimating  an  additional  test  to  which  explosives  already  upon 
the  'Permitted  List'  might  be  subjected.  The  proposed  test  was 
more  severe  than  the  original  one,  and  explosives  which  passed  it  will 
be  placed  on  a  'Special  List.' 

The  composition  of  these  permitted  explosives  is  as  follows  : — 

Albionite.        Arkite.  Britonite. 

Nitrate  of  potassium, 

Nitroglycerine, 

Nitro-cotton, 

Wood-meal,    . 

Ghalk,   . 

Oxalate  of  ammonium, 

Garbonate  of  sodium, 

The  wood-meal  to  contain  not  less  than  5  nor  more  than  15  per 
cent,  of  moisture.  The  cartridges  to  be  of  non- waterproofed  parch- 
ment paper,  and  fired  with  an  electric  detonator  No.  6. 

Garbonite. 
26-27 

j  30-36 

89-42 

i 
i 

•  •  • 

Wood-meal :  moisture  not  less  than  10  nor  more  than  20  per  cent. 
Non-waterproof  wrappers  of  parchment  paper.     Detonator  No.  6. 


8i-10i 

21-23 

81-34 

804-88 

61-54 

25-27 

6-7 

3-4 

■  •  • 

2-3 

6-8 

89-43 

\ 

i 

•  •  • 

•  •  •  > 

•  •  •  • 

14-16 

•  •  • 

•  •  ■ 

Gambrite. 

Nitroglycerine, 

25-27 

Nitrate  of  barium,  . 

3i-44 

Nitrate  of  potassium, 
Wood-meal,    . 

28-32 

39-42 

Sulphuretted  benzol, 
Gar  Donates  of  sodium  and 

i 

calcium, 

4 

Oxalate  of  ammonium,    . 

•               i 

•  •  • 
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Ooronite. 

Nitroglycerine, 38  40 

Nitro-cotton 1        IJ 

Nitrate  of  smmoQium, 26  28 

Nitrate  of  potassium, 3        5 

Stearate  of  aluminiam, 11  14 

Rye  flour, 8  11 

Wood-meal 2        4 

Liquid  hydrocarbon  of  the  paraffin  series,             ...  2        4 

Moisture 2} 

Wood-meal  and  rye-flour :  not  more  than  15  and  not  less  than 
5  per  cent,  of  moisture ;  hydrocarbon  to  have  a  flash-point  not  less 
than  200'  F.;  the  stearate  to  be  free  from  mineral  acid.  Waterproof 
wrapper.     Detonator  No  7, 


Clydite. 

Dragonite. 

Fracturite. 

Nitroglycerine,       .        .        .        . 

25-27 

34-37 

51i-58i 

Nitrate  of  barium, . 

32-36 

•  •  • 

•  ■  • 

Wood-meal, 

38i-41i 

and  charcoal 
ll-32i^ 

6-7 

Sulphuretted  benzol, 

4 

•  •  • 

•  •  • 

Carbonate  of  sodium, 

:(    * 

Carbonate  of  calcium, 

•  •  • 

•  •  • 

Oxalate  of  ammonium,    . 

8 

•  •  • 

14-16 

Nitro-cotton,          .         .         .         . 

•  •  • 

2-3 

8-4 

Nitrate  of  potassium. 

■  .  . 

43-46 

21-25 

Vaseline, 

1                      •  •  • 

6-6 

•  •  • 

Non-waterproof  parchment  wrappers.  Detonator  No.  6.  Wood- 
meals  (first  two),  5  to  15  per  cent,  of  moisture ;  fracturite,  5  to  17  per 
cent. 


Nitroglycerine, 
Nitro-ootton, 
Potassium  nitrate,  . 
Wood-meal,    . 
Ammonium  oxalate, 
Red  ochre. 
Nitrate  of  barium  . 
Mineral  jelly  (acid  free), 
Chalk,   . 


Geloxite.    Haylite  No.  1.      Eynite. 


64-57 
4-5 

18-22 

5-7 

18-15 

1 


25-27 

Hi 
19-21 

12-14 

10-12 

•  •• 

19-21 
6-8 


25-27 

•  •  • 

39-42 

•  •  • 

30-86 

•  •  • 

i 


Wood-meal,  5  to  15  per  cent,  of  moisture  (except  kynite,  10  to  20 
per  cent.).     Non- waterproof  wrappers.     Detonator  No.  6. 


Nitrofflycerine,  . 

Kieselguhr, 

Sulphate  of  magnesium. 

Nitrate  of  potassium,  . 

Carbonate  of  ammonium, 

Carbonate  of  calcium, 

Non-waterproof  wrapper.     Detonator  No.  3. 


Nobel  Ardeer  Powder. 

81  34 

11  14 

47  51 

4  6 

•  •  •  V 

•  •  •  V 
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Nitroglyoerme, 
Nitrate  of  potassium, 
Nitrate  of  Darium,  . 
Wood-meal,    .... 
Snlpburetted  benzol, 
Carbonates  of  sodium  and  calcium, 
Charcoal,        .... 
Ammonium  oxalate, 
Nitro-cotton, 


Nobel  Carbonite. 

26-27 
28-82 

81-44 
89-42 

i 
i 


Normanite. 

32i-34i 
42i-46i 

•  •  • 

7-9 


1-2 

10-12 

1-2 


Wood-meal,  10   to   20  per  cent,  of  moisture.       Non- waterproof 
wrappers.     Detonator  No.  6. 


Nitroglycerine, 
Nitrate  of  barium, 
Wood-meal,    .... 
Carbonates  of  sodium  and  calcium, 
Nitrate  of  potassium. 

Chalk, 

Oxalate  of  ammonium,    . 
Nitro-cotton, 


Pit-ite. 

26-27 
81-86 
40-48 

i 


Saxonite. 
68-68 

•  •  • 

6-8i 

2li^80i 

i 

9-27 

81-6i 


Stow-ite. 
68-61 

•  •  » 

6-7 
li-20 

•  ■  • 

11-13 
41-6 


Wood-meal,  5  to  15  per  cent,  moisture.    Non- waterproof  wrappers. 
Detonator  No.  6. 


Nitroglycerine, 

Nitrate  of  barium, 

Wood-meal, 

Sulphuretted  benzol, 

Carbonate  of  sodium, \ 

Carbonate  of  calcium, j 


Victorite. 

25  27 
32  36 
381      411 

•  •  ■  V 

1 


Wood- meal,  5  to  15  per  cent,  of  moisture.  Non- waterproof  wrappers. 
Detonator  No.  6. 

Nitro-compouDids  not  containing  Nitroglycerine. — These  have, 
as  their  base,  nitrate  of  ammonium,  mixed  with  other  substances. 
The  more  important  explosives  of  this  class  are  : — 


Nitrate  of  ammonium, 
Wood-meal, 
Moisture, 
Di-nitro-benzol,    . 
Chlorinated  naphthalene. 
Metallic  ammonium,    . 
Di-nitro-naphthalene,  . 


Amvis. 

88-91 
4-6 

i 

4-6 


Ammonal. 
93-97 

i 

■  •  • 

4-6 


Anmionite. 

87-89 

•  •  • 

1 


11-13 


i4wim.— Chlorine  not  to  exceed  1  per  cent,  of  finished  explosive. 
Special  wrappers  are  required  for  all  these  explosives ;  tliey  are  fired 
with  No.  6  detonators. 
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Aphosite. 

Nitrate  of  ammonium,  . 

58        62 

Nitrate  of  potassium,     . 

28        31 

Charcoal, 

.        .        .        .               8i        44 

Wood-meal, 

.        .        .        .               34'      4J 

Sulphur, 

2          8 

Moisture, 

14 

Special  wrapper  and  fuses  required. 


Bellite  No.  1.   Bellite  No.  2.     Dahmenite. 


Nitrate  of  ammonium, 

82-85 

92-95 

91i-93 

Di-nitro-benzol, . 

16-18 

6-8 

•  •  • 

Moisture 

i 

2 

1 

Naphthalene, 

Bichromate  of  potassium,   . 

•                      •  •  • 

•  •  • 

4-6i 

•                      •  •  • 

•  •  • 

14-24 

Special  wrappers,  and  No.  7  detonator. 


Nitrate  of  ammonium. 
Nitrate  of  barium, 
Wood-meal, 
Starch, 
Moisture,    . 
Tri-nitro-toluol, . 
Chloride  of  ammonium, 
Chloride  of  sodium,    . 


Electronite. 

71-75 
18-20 

7-10 
4 


Faversham       Faversham 
Powder  No.  1.  Powder  No.  2, 


84-86 


4 
10-12 

1-2 

2-8 


87-93 


1 
9-11 


Electronite, — Wood-meal  to  be  charred.     Lead  waterproofed  case ; 
detonator  No.  7.    The  Faversham  powders  are  not  specially  indicated. 


Nitrate  of  ammonium, 
Tri-nitro-toluol, 
Graphite, 
Colouring  matter, 
Moisture, 


Special  cases.     Detonator  No.  6. 


Negro-Powder. 

86 

90-0 

9 

11  0 

1 

3-0 

•  « • 

0-1 

•  •  ■ 

1-0 

Nitrate  of  ammonium, 

Di-nitro-benzol, 

Tri-nitro-benzol, 

Chloro-naphthalene, 

Flour, 

Moisture, 


Roburite  No.  3. 

86-89 
9-13 

•  •  • 

2 

•  •  • 

4 


Thunderite. 
91-93 

•  •  • 

3-5 

3-5 
1 


Special  wrappers.     Detonators  No.  6  and  No.  8  respectively. 
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Virite. 

Oxalate  of  ammonium,  .        .  9  12 

Nitrate  of  ammonium, 85  40 

Nitrate  of  potassium, 38  38 

Sulphtfr, 4  5 

Charcoal, lOJ  12i 

Moisture, 1  2 

Special  wrapper.  Electric  fuse  containing  5  grains  of  gunpowder 
or  equivalent  explosive. 

Westfalite. 

No.  1.        No.  2. 

Nitrate  of  ammonium, 94-96  90-92 

Nitrate  of  potassium, 3-5 

Resin 4-6            4-6 

Moisture, i               i 

Special  wrappers  and  No.  7  detonator. 

Detonators. — These  are  generally  made  of  copper  caps  containing 
a  small  quantity  of  fulminate  of  mercury,  or  a  mixture  of  fulminate 
with  chlorate  of  potash,  the  proportion  of  the  latter  varying  from  5  to 
40  per  cent. 

The  Home  Office  issued  an  order  in  1897  regarding  the  standard 
charge  for  detonators,  which  is  to  consist  of  a  mixture  of  fulminate 
of  mercury  80  per  cent.,  and  chlorate  of  potash  20  per  cent.,  or  some 
other  explosive  mixture  of  the  fulminate  class  of  not  less  strength 
than  the  above.  Different  explosives  require  detonators  of  different 
strength  to  explode  them,  and  the  manufacturers  of  explosives 
generally  recommend  a  certain  class  or  strength  of  detonator  for  use 
in  blastmg  the  different  explosives  which  they  produce.  These 
strengths  are  usually  denoted  by  numbers,  and  the  following  are  those 
commonly  in  use  : — 

No.  1.  No.  2.    No.  3.  No.  4.    No.  6.    No.  6.     No.  6^.     No.  7.     No.  8. 

Chaiige  per  1000  jg^^    ^^^      ^^^      ^^q      ^qq      j^qq      ^260      1500      2000 
m  grammes     .  | 

Individualcharge|^.g     g.g       g.g         iq    i2-3       15-4       19-2       23-1       30-9 
m  grains    .     .  j 

For  rending  explosives — e,g.y  some  of  the  blasting  powders,  Nobel 
Ardeer  powder,  etc. — a  detonator  of  the  strength  of  No.  3  is  commonly 
employed;  for  explosives  of  the  nitroglycerine  class  No.  6  or  No.  6^ 
is  the  most  suitable.  Miners  and  shot-firers  should  therefore  be  pro- 
vided with  the  class  of  detonator  most  suitable  for  the  explosive  they  are 
using.  As  the  whole  success  and  safety  of  shot-firing  almost  entirely 
depends  on  the  detonators,  it  is  of  the  utmost  importance  that  not 
only  the  proper  strength  of  detonator  be  used,  but  also  that  the 
detonators  be  of  a  good  quality.  A  common  source  of  annoyance  and 
danger  in  using  inferior  or  under-strength  detonators  is  miss-fires, 
which   should  be  avoided  at  all  hazards.     Miss-fires,  however,  may 
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occur  with  the  best  quality  of  detonators  if  they  are  not  carefully 
handled  and  stored.  Detonators  should  be  kept  in  a  dry  place,  and 
under  no  circumstances  should  they  be  placed  in  sawdust,  as  is 
sometimes  done,  for  they  absorb  the  moisture  from  it  and  soon  become 
useless.  They  should  also  be  bought  in  such  quantities  as  will 
suffice  for  short  periods,  as  they  soon  deteriorate  if  kept  in  store.  In 
taking  them  into  the  mine,  detonators  ought  to  be  carried  in  a  securely 
locked  case  or  bag  separate  from  the  other  explosives. 

Fixing  tJie  Detonator, — To  fire  a  shot,  a  piece  of  fuse,  of  sufficient 
length,  is  tak^n,  cut  clean,  and  inserted  into  the  open  end  of  the 
detonator,  which  is  then  inserted  into  the  cartridge  of  explosive,  taking 
care  to  have  the  detonator  so  placed  that  the  explosive  covers  it. 
After  placing  the  detonator  in  position,  it  should  be  securely  tied  to 
the  cartridge  with  a  piece  of  string.  When  placing  the  charge  in  the 
shot-hole  the  detonator  end  of  the  cartridge  should  be  towards  the 
mouth  of  the  hole,  one  detonator  only  being  used  for  each  charge. 

Precautions  against  Fire-damp  Explosions. — In  order  to  avoid 
the  danger  of  fire-damp  explosions,  arising  from  shot-firing,  in  fiery 
mines,  strict  observance  should  be  paid  to  the  following  rules  with 
regard  to  the  detonator : — 

(1)  Explosives  should  always  be  exploded  by  a  sufficiently  powerful  detonator. 
Newly-introduced  exploeives  should  be  tested  first  to  ascertain  the 
strength  of  the  detonator  required. 

(2)  The  fulminating  portion  of  the  detonator  must  be  properly  enclosed,  for 

only  such  caps  can  be  depended  on  as  do  not  suffer  from  leakage. 

(3)  Detonators  should  be  tested  to  see  if  they  are  in  food  condition. 

(4)  Wherever  possible,  detonators  should  be  specially  re-dried  before  being 

used. 

(5)  If  explosion  is  to  take  place  in  wet  or  damp  ground,  the  point  of  junction 

with  the  friction  fuse  should  be  well  protected  by  some  waterproof 
covering.  * 

Friction-detonators,  ue.  detonators  which  are  fixed  to  the  fuse 
when  manufactured,  are  safer  during  transport,  less  liable  to  be 
jarred  in  tamping,  and  safer  to  handle.  . 

Finng  the  CJiartje. — Except  where  blasting  is  done  by  electricity, 
the  charge  is  fired  either  by  germans,  squibs,  or  safety  fuses,  the 
latter  being  most  largely  employed  in  coal-mining.  Germans  or 
squibs  consist  of  small  cylinders  of  cardboard  or  stiff  paper  filled  with 
gunpowder,  and  are  inserted  into  the  shot-hole.  To  the  outer  end  a 
piece  of  cotton  wick,  saturated  with  oil,  is  attached.  When  the 
charge  is  ready  for  filing,  the  wick  is  lighted. 

Safety  Fuses. — Many  safety  fuses  have  been  devised.  They  mostly 
consist  of  a  fine  column  or  central  core  of  gunpowder,  surrounded  by 
flax,  cotton,  or  similar  materials.  Taped  fuses  are  protected  by  an 
external  varnished  coating,  and  are  adapted  for  use  in  wet  ground.  In 
using  such  a  fuse,  the  charge  to  be  fired  must  be  enclosed  in  a 
cartridge,  into  one  end  of  wliich  the  fuse  is  introduced.     The  gutta- 

*  Trans,  Fed,  Inst,  Mi>i.  Engs,,  vol.  x.  pp.  550-567. 
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percha  fuse  is  surrounded  by  a  coating  of  that  material,  and  has  also 
an  outside  coating  of  waterproof  varnished  cloth,  so  as  to  preserve 
the  guttapercha,  as  the  latter  becomes  very  brittle  when  exposed  to 
air.  Fuses  should  be  kept  or  stored  in  a  dry  place,  so  that  the  core 
of  powder  may  not  be  affected  by  damp,  and  care  should  be  taken 
that  they  do  not  come  in  contact  with  greasy  or  oily  matter,  as  this 
rapidly  penetrates  the  outer  covering  to  the  gunpowder  and  prevents 
the  proper  burning  of  the  fuse.  Ordinary  fuse  bums  at  the  rate  of 
about  3  ft.  per  minute. 

The  disadvantages  of  using  ordinary  safety  fuses  are:  (a)  Uncer- 
tainty of  burning  speed  of  the  fuse ;  (b)  danger  of  miss-fires  through 
defective  fuse ;  (c)  dangers  of  shots  hanging  fire ;  {d)  ignition  of 
explosive  gases  from  '  spit '  of  safety  fuses ;  (e)  ignition  of  explosive 
gases  from  burning  fuses ;  (/)  dense  smoke  given  off  from  the  burning 
fuses. 

Firing  Shots  hij  Electricity, — In  many  collieries,  especially  those 
in  which  safety  lamps  are  used,  or  which  are  diy  and  dusty,  it  has 
now  become  the  custom  to  fire  the  shots  by  electricity.  There  can  be 
no  doubt  but  that  this  system  of  firing  shots,  when  properly  carried 
out,  is  very  much  safer  than  blasting  with  the  ordinary  fuse  and 
detonator,  as  it  allows  the  workmen  to  retire  to  a  place  of  safety 
before  the  charge  is  exploded,  and  there  is  much  less  danger  from 
*  hang-fire '  or  *  miss-fire '  shots,  or  from  the  premature  explosion  of 
the  charge. 

Electric  Fuses. — In  exploding  charges  of  explosives  by  electricity, 
fuses,  or  detonators  with  wire  attachment,  are  used.  These  fuses 
are  generally  of  two  kinds,  viz.,  high-  and  low-tension  fuses.  High- 
tension  fuses  have  their  terminal  wires  bridged  by  a  chemical  paste 
or  priming  powder  of  relatively  high  electrical  resistance.  When 
a  current  is  sent  along  the  cables  '*  the  electrical  energy  at  the  fuse 
(wire)  terminals  is  (owing  to  the  insufficient  conductivity  of  the 
bridging  composition)  converted  into  heat  energy  ;  the  heat  cannot 
dissipate  with  sufficient  rapidity,  therefore  the  temperature  rises  to 
the  point  of  ignition  of  the  bridge  or  priming.  The  latter  bursts  into 
flame  and  in  turn  fires  the  explosive  compound  at  the  end  of  the 
copper  cap  " ;  or,  simply,  the  explosion  is  caused  by  the  electric  current 
heating  the  priming  compound  to  ignition  point.  In  the  low-tension 
fuse  the  terminal  wires  are  connected  or  ^  bridged '  by  a  short  bridge 
of  fine  iridio-platinum  wire  (the  wire  is  an  alloy  of  80  per  cent, 
platinum  and  20  per  cent,  iridium).  The  current  in  passing  through 
this  bridge  raises  its  temperature  sufficiently  high  (due  to  the  same 
cause  as  in  the  high-tension  fuse)  to  ignite  the  priming ;  the  priming 
in  turn,  as  above,  fires  the  fulminate  of  mercury  compound.  In  the 
Dortmund  district  of  Germany,  fuses  called  *Spaltgliihzundor,' 
occupying  an  intermediate  position  between  high-  and  low-tension 
fuses,  are  used  for  firing  single  shots.  They  are  essentially  low- 
tension  igniters,  but  the  platinum  bridge   is   replaced   by  a  finely 
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divided  conducting  substance,  such  as  graphite  or  coal-dust,  mixed 
with  the  igniting  substance,  and  the  resistance  opposed  to  the 
current  is  far  greater  than  that  of  a  small  platinum  wire,  being 
generally  about  5000  ohms.  The  quantity  of  current  required  to 
ignite  the  few  particles  of  dust  between  the  wire  terminals  is  very 
slight,  not  exceeding  at  most  y^^^th  of  an  ampere.  Such  igniters 
are  said  to  combine  the  advantages  of  both  the  high-  and  low-tension 
fuses  without  their  disadvantages. 

Exploders, — For  igniting  or  exploding  the  fuse,  small  electric 
machines  or  exploders  are  used,  that  most  largely  employed  being 
known  as  a  magneto-exploder.  It  consists  essentially  of  an  armature, 
revolving  between  the  poles  of  a  set  of  permanent  electromagnets 
of  hardened  steel.  The  armature,  which  is  woimd  to  a  high  resist- 
ance, is  made  to  revolve  rapidly  by  means  of  a  rotary  crank  connected 
to  geared  wheels  in  contact  with  the  armature  spindle.  By  this 
means  an  electric  current  of  high  potential  is  generated  suHicicnt 
to  explode  the  fuse.  A  fluid  ic  or  dry  battery  and  secondary  battery 
exploders  are  also  used  for  the  electric  firing  of  shots  in  mines. 

Firing  Cahles  or  Gondvrtiruj  Wires. — In  order  to  allow  a  safe 
distance  between  the  blasting  charge  and  the  shot-firer,  a  suitable 
length  of  cable,  for  conveying  the  current,  must  be  employed  to 
connect  the  exploder  to  the  fuses.  The  length  required  will  depend 
upon  the  nature  of  the  blasting,  i.e,  whether  it  is  in  rock  or  coal, 
and  the  place  where  the  shots  liave  to  be  fired,  but  the  minimum 
length  should  not  be  less  than  about  50  ft.  for  coal,  and  a  longer 
length  for  stone-work  in  narrow  drifts.  The  most  suitable  length, 
however,  to  be  used  in  every  colliery  cannot  be  arbitrarily  stated,  but 
must  be  fixed  from  what  is  found  to  be  best  by  practical  experience. 

Simitltaneous  Firing. — When  blasting  with  electricity  in  shaft 
sinking  or  stone  drifts,  the  shots  are  ignited  simultaneously  in  order 
to  obtain  the  maximum  rending  effect,  although  it  is  questionable 
if  this  effect  is  always  got  from  such  a  method  of  blasting.  Some 
persons,  indeed,  hold  that  independent  firing  gives  much  better 
results,  for  the  reason  that  if  all  the  shots  are  ignited  at  once  it 
cannot  be  expected  that  one  shot  will  help  the  other;  but  if  the 
centre  charges,  say  in  a  stone  drift  or  at  the  bottom  of  a  sinking  pit, 
are  fired  first,  so  as  to  loosen  the  middle  portion,  the  side  charges 
should  then  operate  under  the  most  favoumble  conditions.  To 
enable  shots  to  be  fired  independently  with  electric  blasting,  a  system 
has  been  brought  into  use  by  the  adoption  of  a  combination  of 
electric  ignition  and  tape-fuse.  By  this  system  a  retarding  action 
is  got  by  inserting  a  piece  of  tape-fuse  between  the  electric  igniter 
and  the  detonator.  For  simultaneous  firing  two  systems  of  connect- 
ing the  fuses  to  the  exploder  are  usually  employed,  known  as  the 
series  and  parallel  systems.  In  the  series  system  the  line  and  fuse 
wires  are  coupled  consecutively,  one  wire  of  the  fuse  being  connected 
direct  to  the  cable,  the  other  wire  connecting  the  first  shot  to  the 
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second,  the  second  to  the  third,  and  so  on  until  all  the  charges  are 
joined  up,  after  which  the  remaining  wire  is  coupled  up  to  the  second 
cable.     Low-tension  fuses  are  generally  fired  by  this  system. 

With  the  parallel  system  the  two  firing  cables  are  connected  to 
the  last  charge,  forming  a  parallel  line,  and  then  the  wires  of  the 
other  fuses  are  coupled  up  to  them  alternately. 

Where  electricity  is  not  employed  for  blasting,  simultaneous  firing 
of  a  number  of  shots  can  be  carried  out  by  using  the  Bickford  patent 
YoUey-firer  in  conjunction  with  the  same  maker's  instantaneous  fuse. 
This  appliance  consists  of  a  little  instrument  devised  so  as  to  contain 
an  ordinary  safety  fuse  at  one  end  and  at  the  other  a  set  of  instan- 
taneous fuses,  the  set  varying  according  to  the  number  of  charges  to 
be  blasted.  Between  the  end  of  the  safety  fuse  and  the  ends  of  the 
instantaneous  fuses  is  inserted  an  explosive  disc,  the  action  of  which 
is  such  that,  on  the  communication  of  fire  from  the  safety  fuse,  the 
whole  of  the  instantaneous  fuses  are  immediately  ignited,  the  latter 
burning  at  the  rate  of  about  100  ft.  per  second,  giving  practically 
the  same  result  as  with  electric  firing.  Any  number  of  shots  up  to 
sixteen  can  be  fired  simultaneously  by  this  apparatus. 

Igniting  Shots  in  Fieri/  Mines, — In  fiery  mines  or  mines  where  safety 
lamps  are  exclusively  used,  and  where  blasting  has  to  be  done,  the 
ignition  of  the  shots  may  be  carried  out  by  (a)  safety  lamp;  (b) 
special  contrivances  like  Bickford's  patent  fuse  lighter;  (c)  by 
electric  firing.     Electric  blasting  has  already  been  fully  dealt  with. 

Blown-out  Shots, — These  may  be  a  source  of  great  danger  in 
mines  which  are  dry  and  dusty  and  where  fire-damp  is  given  off; 
They  ought  to  be  carefully  guarded  against  in  blasting.  Blown- 
out  shots  are  brought  about  chiefly  by  (a)  insufficiently  and  badly 
tamped  holes ;  (b)  an  insufficient  charge  of  explosive  for  the  work  to 
be  done ;  (c)  the  shot-holes  being  drilled  beyond  the  line  of  holing 
or  kirving.  The  charge  should  be  well,  but  not  excessively,  tamped 
with  good  surface  clay  or  fireclay,  free  from  stones  or  hard  nodules, 
the  tamping  being  firmly  rammed  back  with  a  wooden  stemmer. 
The  hole  should  not  be  drilled  beyond  a  point  6  to  8  in.  from  the 
back  of  the  holing,  and  in  stone  work  especially,  where  the  holing 
has  often  to  be  blasted  out,  the  holes  should  be  drilled  at  a  suitable 
angle  and  length  according  to  the  kind  of  explosive  used. 

Position  of  Shot-lioles, — The  most  suitable  position  for  the  charge 
depends  upon  various  circumstances,  a  proper  knowledge  of  which 
can  only  be  obtained  by  actual  practical  experience.  All  *  joints,' 
*  backs,'  Mypes,'  'partings,'  etc.,  must  be  carefully  avoided,  and  the 
position  of  the  hole  for  the  charge  so  placed  that  the  resistance 
in  every  direction  may  be  as  nearly  equal  as  possible  from  the 
expected  plane  of  fracture. 

As  an  explosion  takes  effect  along  the  line  of  least  resistance,  if 
there  are  any  joints  or  cracks  near  the  hole,  they  will  determine 
the  direction  of   fracture,  and  the  charge  will   have   comparatively 
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little  effect  in  any  other  direction.  In  the  case  of  a  sump-hole, 
for  instance,  in  a  sinking  pit,  the  line  of  least  resistance  will  be  the 
shot-hole  itself,  and  in  such  a  case  a  heavier  charge  of  gunpowder 
than  ordinary  must  be  used,  and  it  will  have  to  be  well  stemmed, 
or  a  strong  explosive  occupying  little  bulk  must  be  employed,  such 
as  dynamite. 

Prevention  of  Flame  Communication. — The  Water-cartridge, — 
In  the  presence  of  fire-damp,  what  is  known  as  the  *  water-cartridge ' 
is  used,  in  conjunction  with  dynamite  or  other  explosives.  The 
water-cartridge  consists  of  a  cylindrical  case  of  specially  prepared 
waterproof  paper  18  in.  long  and  2  in.  diameter.  In  the  centre  of 
this  case  is  placed  the  explosive,  kept  in  position  by  thin  metallic 
webs,  the  end  of  the  cartridge  having  the  detonator  for  electric  firing 
fixed  to  it  by  wire.  The  space  between  the  charge  and  the  paper 
cylinder  is  filled  witliwatcr.  and  the  outer  end  firmly  tied  round 
the  projecting  wirS/^11ie~wJcter-cartridge  is  most  largely  used  for 
dynamite  blasting,  but  it  cannot  be  said  to  give  very  satisfactory 
results,  and  has  only  been  used  to  a  very  limited  extent.  The  difficulty 
hitherto  experienced  w^ith  the  water-cartridge  is  that  the  water  is  so 
liable  to  escape  and  the  blast  takes  place  in  an  empty  cartridge. 
Instead  of  using  water  alone,  a  mixture'  of  soap  and  water  has  been 
tried  and  found  more  reliable  and  effective.  The  water  and  a  certain 
proportion  of  soap  are  first  boiled  together,  and  the  resulting  viscous 
liquid  is  then  filled  into  an  india-rubber  bag  or  cartridge,  and  used  in 
much  the  same  way  as  the  water-cartridge.  Any  other  cheap  gela- 
tinous compound  may  be  used  for  the  same  purpose. 

\VetSa2^ — Sometimes  common  sand,  moistened  with  water,  is 
the  cartridge  containing  the  charge  being  placed  in  the  centre 
of  a  paper  covering  made  large  enough  to  admit  of  \  in.  of  sand 
being  placed  all  round  it.  The  paper  cartridge  should  be  made 
thoroughly  water-tight  by  being  soaked  in  oil  or  grease  and  then 
allowed  to  dry. 

Wet^''M^68, — Stemming  the  charge  with  wet  moss  is  another  means 
employed  to  prevent  flame  being  communicated  to  the  surrounding 
atmosphere,  and  is  said  to  be  effective  when  used  with  gelatine  and 
dynamite.  The  same  result  may  be  obtained  by  using  a  stemming 
of  moist  clay,  and  probably  this  is  as  effective  as  anything  which  may 
be  used. 

Cost  of  Blasting. — This  will  vary  greatly  according  to  the  kind  of 
explosive  used,  the  system  of  firing  adopted,  and  the  hardness  of  the 
coal  or  strata  the  shots  are  fired  in.  The  cost  for  blasting  will  vary 
from  about  0'35d.  to  Id.  per  ton,  or  an  average  of  about  0'7d.  per  ton  in 
coal.  Regarding  the  cost  of  firing  shots  in  gaseous  mines — exclusive 
of  explosive  and  labour — by  different  systems,  i.e.  firing  by  low  and 
high-tension  electric  safety  fuses,  and  by  the  Bickford  patent  lighters 
and^safety  fuses  * — Mr  Frank  W.  T.  Brain,  in  his  evidence  before  the 

*  See  JUport  of  OommUtUi  p.  483, 
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Departmental  Committee  on  the  uae  of  electricity,  gave  some  figures 
which  are  instructive,  and  are  here  reproduced  : — 

I.  Cost  0^  firing  1000  Sltots  wlien  using  High-Tension 

Electric  Detonators. 

1000  4  ft.  wires,  electric  high-tension,  No.  6  detonators, 
complete,  ...... 

50  yds.  firing  cable,  costing  lOs.,  used,  say,  for  2000 
shots,       ....... 

Magneto  exploder,  costing  36s.,  plus  repairs  10s.,  used, 
say,  for  30  shots  per  day,  two  years, 

Total, 

Cost  per  shot =l*29d. 

II.  Cost  of  firing  1000  Shots  when  using  Low-Tension 

Electric  Detonators. 

1000  4  ft.  wires,  electric  low  tension,  No.  6  detonators, 
complete,  ...... 

50  yds.  firing  cable,  costing  10s.,  used,  say,  for  2000 
shots. 

Magneto  exploder,  costing  S5s.,  plus  repairs  lOs.,  used, 
say,  for  30  shots  {)er  day,  two  years. 

Total, 

Cost  per  shot = 1  *48d. 

III.  Cost  of  firing  1000  Sfiots  when  usim/  Bickford's  Patent 

Safety  Fuse  and  Igniters, 

4000  ft.  Bickford's  fuse,  ..... 
1 000  Bickford's  igniters,  ..... 
1000  No.  6  detonators,        ..... 

Totol, 

Cost  per  shot=2'17d. 

From  these  figures  it  will  be  seen  that  the  high-tension  system  is 
^•19d.  per  shot,  or  approximately  13  per  cent,  cheaper  than  the  low- 
tension  system,  and  firing  by  the  Bickford  fuse  and  igniters  shows  a 
difference  of  0'88d,  and  0'69d.  per  shot  respectively  for  high  and  low- 
tension  fuses,  or  a  difference  in  favour  of  electricity  of  68  per  cent. 
And  46  per  cent,  respectively,  for  high  and  low-tension  fuses.  It 
must  be  distinctly  noticed  that  these  figures  are  a  mere  comparison 
•of  the  cost  of  material  alone. 

On  the  whole,  firing  by  electricity  is  cheaper.  Regarding  the  total 
•cost  of  blasting,  i.e.  including  explosives,  fuses  and  labour,  it  will  vary 
greatly  according  to  the  kind  of  explosive  used,  the  system  of  firing 
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adopted,  and  whether  the  colliery  is  a  non-fiery  one  or  a  fiery,  dry  and 
dusty  one.  Naturally  in  the  latter  class  of  mine  the  cost  will  be 
somewhat  higher  than  for  non-fiery  mines  where  open  lights  are  used. 
The  average  cost  for  blasting  with  gunpowder  is  about  0'6d.  per  ton, 
and  for  safety  explosives  0'9d.  per  ton  of  coal  got,  or  a  difference  of 
0'3d.  per  ton  in  favour  of  gunpowder,  so  that  the  cost  for  blasting  is 
increased  about  fifty  per  cent,  when  safety  explosives  are  used.  With 
gunpowder  the  percentage  of  round  coal  got,  in  a  number  of  experi- 
ments, averaged  62*2  per  cent,  and  for  safety  explosives  62*0  per 
cent.,  so  that  so  far  as  this  is  concerned  there  is  not  much  difference 
between  gunpowder  and  some  of  the  safety  explosives.  In  blasting 
rock  there  is,  however,  an  estimated  gain  of  25  per  cent,  in  using  the 
latter.* 

It  may  be  taken  for  granted  that  many  of  the  safety  or  permitted 
explosives  are  50  to  100  per  cent,  dearer  than  blasting  powder,  but  of 
course,  on  the  other  hand,  a  much  smaller  charge  of  such  explosive 
will  be  required  to  do  the  work  than  if  gunpowder  was  used. 

•  Paper  by  Henry  Hall,  H.LM. 


CHAPTEB  V. 

MECHANICAL  WEDGES,  ROCK  DRILLS,  AND  COAL- 
CUTTING  MACHINES. 

Mechaxucal  Wedges  in  Goal-mining. — In  underground  excavations 
the  coal  seam  or  rock  can  very  rarely  h«  rifitoo^ed  by  tfee  aid  of 
picks  alone,  unless  in  very  soft  strata.  In  ordinary  seams  wedges 
are  used  to  assist  in  bringing  down  the  coal  after  it  has  been  *  holed  ^ 
— the  commonest  form  employed  being  known  as  the  *  feather-shaped ' 
wedge.  This  wedge  is  also  an  adjimct  to  blasting  in  many  mines  ; 
the  coal  being  first  loosened  by  explosives  and  afterwards  wedged 
down. 

Elliott  Multiple  Wedge. — In  mines  where  blasting  is  prohibited, 
some  mechanical  method  must  be  adopted  for  bringing  down  the 
coal  or  rock  without  the  aid  of  explosives.  The  Elliott  wedge  is 
designed  for  such  a  purpose,  and  may  be  said  to  be  an  adaptation  of 
the  old  plug  and  feather.  The  construction  and  use  of  the  wedge 
will  be  understood  from  figs.  82,  83.  To  use  the  wedge  a  hole  must 
first  be  bored  out  deep  enough  to  hold  the  wedges.  Into  this  hole 
are  then  inserted  two  portions  of  the  wedge  a  a,  tapered  in  front  and 
increasing  in  thickness  towards  the  further  end.  These  pieces  are 
constructed  with  the  front  portion  turned  back  so  as  to  grip  the 
hole  and  prevent  them  from  being  driven  out  of  position.  Two 
other  long-tapered  wedges  b  b  are  now  driven  into  the  hole,  and  if 
these  fail  to  bring  down  the  coal,  a  third  wedge,  d,  may  be  driven  in 
between  them  and  thus  exert  further  pressure. 

The  advantages  claimed  for  this  wedge  are  that  only  a  small  hole 
requires  to  be  bored,  that  the  expansive  force  developed  is  great,  the 
weight  of  wedges,  etc.,  is  small,  and  the  first  cost  low.  The  wedges 
are  made  in  two  sizes  :  for  holes  If  in.  diameter,  2  ft.  6  in.  long ; 
and  for  holes  2  in.  diameter,  3  ft.  long. 

Burnett's  Boiler  Wedge. — In  using  the  multiple  wedge  a  great 
amount  of  power  is  necessarily  lost  in  overcoming  the  friction  of  the 
parts  sliding  over  each  other,  and  the  Burnett  roller  wedge  has  been 
designed  to  obviate  this  loss.  In  this  appliance,  the  wedges,  instead 
of  being  in  sliding  contact  with  the  feathers  or  cheeks,  are  in  rolling 
contact  only ;  and  as  the  rollers  are  arranged  on  each  side  of  the 
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wedge,  it  will  be  understood  that  the  latter  traxris  twice  the  distance 
covered  by  the  rollers  on  the 
stationary  cheeks  or  Teathers — 
the  ccntr«B  of  the  toUere  having 
a  velocity  ratio  equal  to  only 
half  that  of  the  advancing  wedge. 
The  power  is  thus  doubled  aud 
the  friction  greatly  reduced.  The 
ooDBtniction  of  the  wedge  will  be 
seeu  from  figs.  84-89.  A  is  the 
wedge-bar  formed  in  continuation 
ol  die  plane  A'  and  of  the  screv 
A*.  The  plain  part,  A',  is  en- 
closed between  two  h&n  or 
feathers  B  B',  which  arc  placed 
in  the  bore-hole  as  shown.  These 
bare  are  formed  with  a  taper 
corresponding  to  that  of  the 
wedge,  and  the  bottom  feather 
Bi,  which  has  to  bear  the  greater 
strain,  is  made  stronger  than 
the  top  feather  B.  The  rollers 
CC  are  placed  near  the  end  nt 
these  feathers  B  B'.  A  nut  £^ 
placed  on  the  screw,  affords 
facility  for  pulling  the  inner 
wedge-bar  A  out  towards  the 
face  of  the  coal,  whereby  the 
rollers  C  C,  while  ascending  on 
the  inclines  of  the  inner  taper 
bar  A  and  the  inclines  of  the 
outer  taper  bars  B  and  B^,  force 
the  two  latter  apart  to  the  re- 
quired eitent.  The  nut  E  is 
formed  with  a  flange,  which  is 
held  in  position  by  means  of  a 
bearing  plate  £x,  having  lugs  as 
shown.  On  the  nut  E,  at  its 
outer  end,  is  formed  a  square,  E', 
on  which  is  fixed  a  ratchet  lever. 
Application    of    Wedt/e.—The 

®^^  necessary    holing     having     beea 

V  completed  aud  the   coal   drilled. 

Figs.  82  and  83.— Elliott  mulHplB        the      wedge     is     inserted.       The 
wedge.  ratchet  lever  K  is  then  applied 

to  E*,  which,  in  working,  rotates 
the  nut  E,  whicli,  bearing  against  the  shoulder  D,  begins  to  draw 
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out  the  wedge  A.  The  operator  continues  thia  direct  action  of  the 
handle  until  more  power  is  required  than  can  be  thus  directly 
obtained.  The  handle  K  is  then  shifted  on  to  the  square  H*  of 
the  lever  H,  and  by  imparting  successive  oscillations  to  the  same, 
the  roller  H',  acting  against  the  cam  slot  G'  of  the  fork  G,  will 
cause  the  pawl  (fig.  87)  F  to  pass  a  tooth  at  each  oscillation  of  the 
lever,  and  ^us  power  in  direct  proportion  to  the  ratio  of  the  leverage 
between  H  and  G  will  be  developod. 


FlGB.  S4,  86,  86,  87,  88,  and  89.~Bumott'B  roller  wedge. 

Hydraulic  Wedges. — Water  at  high  pressure  has  been  used  as  a 
means  of  blasting,  but,  eicept  with  the  Tonge  hydraulic  cartridge, 
the  success  of  hydraulic  blasting  has  been  questionable. 

Tonge  Hydraulic  Gartridge. — This  cartridge  has  been  introdiiced 
into  a  number  of  collieries  in  the  lAiicasbire  coal-field,  and  has  given 
sucli  satisfactory  results  that  in  oue  or  two  mines  it  has  entirely 
Buperaeded  blasting  by  explosives. 

The  cartridge  consists  of  a  cylinder  of  steel  20  in.  long  by  3  in.  in 
diameter,  and  having  eight  small  duplex  rams  fixed  radially  along  it. 
By  a  suitable  arrangement  of  passages,  a  communication  is  made 
between  each  of  these  rams  whereby  simultaneous  action  can  be 
obtained.  By  an  ingenious  contrivance  a  greater  traverse  is  obtained 
by  these  rams  than  the  diameter  of  the  cylinder.  This  traverse  is 
essential  for  the  complete  forcing  down  of  the  coal.  Thin  linera  are 
used  to  prevent  the  rams  cutting  into  the  coal. 

The  cartridge  is  operated  \^  a  hydraulic  pum^to  which  it  is 
•connected  by  a  pipe.     The  pumJ>-ie"M6p5tiul  duslg^TTTuounted  on 


:? 


no  PFACTICAL  COAL-MiyiNG. 

an  adjustable  Btand,  and  fitted  with  wat«rtank.  The  water  required 
lor  the  whole  of  the  operation  is  about  one  and  a  half  pints,  but  meet 
of  this  retiinia  to  the  tank  at  its  completion,  and  can  be  used  again. 
At  the  commenoenient  of  the  operation  the  small  handle  is  used,  and 
when  pressure  has  increased,  an  eitension  handle  is  slipped  over  it, 
and  greater  power  is  thus  exerted.  A  pressure  ot  3  tons  per  square 
inch  can  be  reached,  and  this  represents  a  total  pressure  on  the  coal 
of  over  sixty  tons.  This  is  found  adequate  in  ordinary  seams,  and  the 
standard  sines  are  made  for  this  duty.  Special  cartridges  are  made 
for  eitraordinary  conditions. 


Fio.  00. — Tonge  hydraulio  cartridge,  showing  nms  ezt«aded  after  use. 

After  the  coal  has  been  undercut,  either  by  hand  or  coal-cutter, 
a  hole  3^  in.  diameter  is  drilled  about  3  or  4  ft.  deep  into  the  coal 
(slightly  less  than  depth  of  holing).  This  is  done  by  means  of 
ordinary  machine  and  spiral  drills.  The  hole  is  put  in  parallel  with 
the  roof,  and  as  near  as  possible  along  the  parting  to  which  the  coal 
ordinarily  comes  olf,  or  just  below  it.  It  is  then  cleared  out.  The 
cartridge,  with  one  or  more  liners,  and  having  pipe  and  pump 
attach*^,  is  pushed  to  the  back  of  the  hole,  and  the  pump  is  left  in 
position  for  the  attachment  thereto  of  the  stAud,  which  is  adjusted 
to  the  required  height.  The  water  tank  is  filled,  and  hung  on  the 
pipe,  the  nibber  suction  pipe  coupled,  and  the  tape  turned.  The 
coal  sprags  are  all  left  in  tight.  The  pressure  being  fully  on,  the 
coal  is  beard  to  be  nimbling  and  cracking.  This  is  allowed  to 
continue  until  the  back  portion  of  the  coal  is  broken  off,  after 
which  the  sprags  are  slightly  slackened.  By  a  continuance  of  the 
pumping,  the  pressure  is  brought  to  bear  at  the  front  of  the  faces, 
and  coutiuues  to  spread  until  the  operation  is  completed,  when  the 


MICCHANICAL   WEDOItS,   ROCK   DRILLB,   ETC. 


91 


sprags  are  then  withdrawn.  The  whole  operation  occupies  about 
ten  minutes.  This  ajstem  naturally  aecurea  absolute  immunity 
from  explosion,  misB-fires,  poisonous  fumes,  etc.,  while  it  is  claimed 
that  the  coal  is  not  so  shattered.  It  has  been  in  use  three  years  at 
the  Atherton  Collieries,  19,000  shots  having  been  made  in  one  seam 
in  a  year,  producing  40,000  tons  from  a  3  ft.  seam. 

Bock  Dnlls. — Hock  drills  may  be  divided  into  two  classes,  viit. — 
(1)  hand  drills,  (2)  machine  drills.  In  the  first  class  the  work 
is  performed  by  manual  power  alone,  while  in  the  second  class 
other  methods  are  employed,    such  as   hydraulic  pressure  or  com- 

Hand  Drills.—  The  commonest  type  of  this  class  is  that  known  as 
the  ordinary  'ratchet'  boring  machine,  which  is  now  so  extensively 


Fic.  Bl.— Uuirl  drill. 


Fio.  t 


-'  Conqa«ror'  nuchiiK 


used  in  all  kinds  of  mining.  It  consists  of  a  screw-spindle  a  (fig.  91), 
terminating  in  a  hollow  square,  into  which  the  drill  e  can  be  inserted, 
and  working  through  a  screw-nut  collar  h,  which  is  fixed  to,  or 
composes  part  of,  a  iioUow  sheath  »,  for  the  screw-spindle  to  work  in. 
When  a  hole  requires  to  be  bored,  a  prop  is  set  firmly  up,  and  the 
drill  fixed  against  it  with  the  boring-bit  e  inserted  into  a  smalt  hole 
or  cut  made  with  the  pick  in  coal  or  rock  The  handle  e,  which 
works  on  the  ratchet  d,  is  then  turned  and  bores  out  the  hole  by  a 
grinding  action.  When  the  full  length  of  the  drill  is  out,  it  is  again 
worked  back  into  the  hollow  sheath  and  a  longer  drill  substituted, 
the  same  process  being  repeated  until  the  hole  is  bored  to  the 
required  depth.  These  machines  are  very  handy,  and  will  penetrate 
very  bard  atone.     In  the  '  rat«bet '  machine  a  prop  has  to  bo  used  to 
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support  the  machine,  and  where  hard  rock  has  to  be  bored  it  is  often 
difficult  to  keep  the  drill  in  position.  To  overcome  this  difficulty 
and  save  loss  of  time  many  machines  are  now  provided  with  adjust- 
able stands.  In  the  ^Conqueror'  boring  machine  such  a  stand  is 
provided,  and  the  screwed  nut  and  hollow  sheath  is  done  away  with, 
the  screw-spindle  actuating  the  drill  working  through  a  long  screw 
thimble  a  (fig.  92),  which  can  be  fitted  on  any  part  of  the  stand  to 
suit  the  height  of  working  and  position  of  hole.  An  iron  sole-piece 
is  used  on  which  the  machine  may  stand,  the  height  of  which  can  be 
varied  by  the  adjusting  screw,  which  at  the  same  time  tightens  it 
between  the  roof  and  floor.  There  is  also  an  adjusting  sliding  piece 
b  for  regulating  the  position  of  the  boring  bit.  The  drill  can  be 
worked  either  with  one  or  two  handles,  according  to  the  hardness  of 
the  material  and  the  power  required. 

Machine-power  Drills, — This  class  of  machine  has  proved  of  great 
service  in  certain  kinds  of  work.  These  drills  are  not  so  largely 
employed  in  coal-mining  as  in  tunnelling,  metal-mining,  and  quarry- 
ing, but  there  are  often  cases,  such  as  the  driving  of  niines  in  hard 
rock,^sinking  shafts  through  igiwotSsrocl^rSfc.,  where  they  can  be 
used  with  grcab-advaClSge-as  anxiltaries  in  coal-mining.  Possibly 
the  fact  that  they  require  to  be  supplied  with  motive  gower  such  as 
steam  or  compressed  air,  the  use  of  which  involves  considerable  first 
cost  in  plant,  and  that  skilled  men  are  required  to  work  them 
properly,  will  be  againgftK^  extensive  use  in  small  coal-mines. 
There  are,  however,  many  collieries  where  compressed  air  is  used  for 
numerous  purposes,  amongst  others  for  driving  coal-cutting  machines, 
and,  in  such  circumstances,  machine  drills  might  be  advantageously 
used. 

In  order  to  obtain  the  greatest  benefit  from  the  use  of  rock  drills 
in  sinking  or  tunnelling,  it  is  necessary  that  a  given  length  be  driven 
by  each  series  of  holes,  and  that  all  the  holes  of  each  series  should 
be  fired  simultaneously,  either  by  electricity  or  by  a  quick-burning 
fuse.  The  special  point  in  favour  of  the  use  of  rock  drills  in  hard 
stone  is  that  the  same  work  is  effected  in  about  half  the  time  that  it 
could  be  done  by  ordinary  methods.  The  following  average  weekly 
results  have  been  obtained  in  sinking  shafts  by  the  aid  of  rock  drills^ 
the  rate  of  wages  being  that  prevailing  in  1894.* 


Depth 
sunk 

Cost  per  Yard. 

Shaft  18  ft.  diameter. 

Wages. 

Explosives. 

Total  cost 
per  yard. 

Feet. 

£    8.   d. 

£    5.   d. 

£    «.   rf. 

Very     hard     limestone    with 

partings,     .... 

30 

10    4    9 

1  18    0 

12    2    9' 

Coal    measures,    shales,    and 

sandstones, 

89 

7  12     6 

0  19     0 

8  11    6i 

•  '/». 


Trans,  Irisl,  Min.  £nys,,  vol.  viii.  pp.  18-19. 
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The  depth  sunk  by  each  series  of  holes  was : — 

Hard  limestone,        .  .        •     4}  feet  in  18  hours. 

Hard  sandstone,  .     5}     ,,      18 

Shale  and  sandstone,  .     6J      ,,      16 


It 
t» 


The  weight  of  stone  lifted  with  each  round  of  shots  averaged,  for 
hard  stone  130  tons,  and  for  moderately  hard  stone  150  tons. 

These  figures  are  significant,  as  the  cost  of  sinking  would  have  been 
at  least  25  to  30  per  cent,  higher  if  the  ordinary  methods  had  been 
adopted,  while  the  rate  of  progress  is  very  much  greater,  which  is  an 
important  factor  in  all  sinkings.  Of  course  there  is  the  additional 
cost  of  plant  and  consumption  of  fuel  to  be  taken  into  account.  In 
the  case  cited,  where  four  drills  were  used,  an  air-compressor  having 
a  cylinder  16  in.  diameter  by  24  in.  stroke,  with  a  20  nominal  horse- 
power boiler  attached,  was  required.  Each  drill  when  working  con- 
sumed about  30  lbs.  of  coal  per  hour,  or  taking  the  working  time  of 
the  drills  at  four  hours  per  day,  the  consumption  of  four  drills  would 
be  about  480  lbs. 

There  are  so  many  different  kinds  of  machine  drills  in  use  that  it 
would  take  up  too  much  space  to  attempt  to  describe  them  all,  and 
all  that  will  here  be  attempted  is  to  instance  a  few  of  the  best  known. 
Before  doing  so,  it  may  be  pointed  out  that  the  requirements  of  a 
good  rock  drill,  as  concisely  stated  by  Andre  *  in  his  work  on  coal- 
mining, are  as  follows : — 

It  should  be  simple  in  construction  and  strong  in  every  part. 

It  should  consist  of  few  parts,  especially  of  few  moving  parts. 

It  should  be  as  light  in  weight  as  is  consistent  with  the  first  condition. 

It  should  occupy  out  little  space. 

The  striking  part  should  be  relatively  heavy,  and  should  strike  the  rock 

direct 
No  other  part  than  the  piston  should  be  exposed  to  violent  shocks. 
The  piston  should  be  capable  of  working  with  a  variable  length  of  stroke. 
Sudden  removal  of  the  resistance  shoula  not  cause  it  any  injurv. 
The  rotary  motion  of  the  drill  should  take  place  automatically. 
The  feed,  if  automatic,  should  be  regulatea  by  the  advance  of  the  piston 

as  the  cutting  advances. 
The  machine  should  be  capable  of  working  vrith  a  moderate  degree  of 

pressure. 
It  should  be  capable  of  being  readily  taken  to  pieces. 

Darlington  Drill. — ^This  is  one  of  the  simplest  and  most  effective 
machines  in  use.  It  consists  essentially  of  two  parts :  the  cylinder 
A  (fig.  93),  with  its  cover,  and  the  piston  with  its  rod,  to  which  is 
attached  the  boring  tool  c.  To  give  the  latter  a  rotary  motion, 
there  is  a  spiral  or  rifled  bar  H,  having  three  grooves,  and  being 
fitted  at  its  head  with  a  ratchet-wheel  c,  recessed  into  the  cover  of 
the  cylinder. 

Two  detents  //  (fig.  95)  are  also  recessed  into  the  cover,  and  are 

•  A  Practical  Treatise  (m  Coal-Mining,  by  G.  G.  Andr^,  p.  148, 
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made  to  fall  into  the  teeth  of  the  ratchet-wheel  by  spiral  springs. 
This  arrangement  of  the  wliccl  and  tlie  detents  allowa  tlic  xpiml  bar 
H  to  turn  freely  in  one  direction,  while  it  prevents  it  from  turning  in 
the  contrary  direction.  The  spiral  bar  drops  into  a  long  recess  in  the 
piston,  which  is  fitted  with  a  steel  nut,  made  to  accurately  fit  the 
grooves  of  the  spiral.  Hence  the  piston  during  its  instroke  is  forced 
to  turn  upon  the  bar,  but  during  its  outstroke  it  turns  the  bar,  the 
latter  being  free  to  move  in  the  direction  in  which  the  straight  outstroke 
of  the  piston  tends  to  rotate  it.  Thus  the  piston,  with  the  boring  tool, 
assumes  a  new  position  after  each  stroke.  The  total  length  of  the 
Uariington  drill  is  3  ft.,  and  the  weight  100  lbs. 


Fics.  93,  94,  and  85.— Darlington  drill. 

Adelaide  DrilL—The  Adelaide  drill  somewhat  resembles  the 
Darlington  machine  jufft  deMcrihed,  but  in  it  the  air  is  used  ex- 
pansively, and  it  has  only  one  niovinj;  part.  The  piston  c  {figs.  96, 
97)  works  in  a  cylinder,  having  ports  and  passages  so  arrang^  that 
the  air  or  steam  is  admitted  and  cut  ofF  automatically  by  the  piston 
itself.  Air  enters  through  an  annular  port  A,  by  which  means  the 
pressure  is  equalised  on  all  sides  of  the  piston-rod  and  unequal  wear 
is  avoided.* 

The  esliaust  takes  place  through  the  port.  B.     The  piston  itself  is 

made  to  perform  the  action  of  a  valve  in  the  following  manner  :  as 

soon  as  it  reaches  the  jwrt  B,  free  commtmic;ition  is  opened  with  the 

*  Jattmal  BrU.  Soc.  Min.  StudenU,  lol.  liii.  jip.  70,  71. 
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atmosphere  and  exhaust  takes  place,  not  only  here  but  also  through 
the  ports  B,,  whii.h  ha\e  by  this  tune  passed  outside  the  cylinder 
cover  The  inlet  aperture  A  being  always  in  free  connection  with 
the  air  receiver,  the  presaure  now  acts  on  the  small  area  at  the 
front  of  the  piston,  and  drives  it  backward,  until  this  part  is  also 


Fio   98  -The  Adeluidp  ilnll 


brotight  into  connection  witli  the  exhanat ;  at  the  same  moment,  the 
ports  Bj  come  opposite  the  inlet  A,  compressed  air  enters  through 
the  hollow  rod  C,  passes  into  the  back  end  of  tlie  piston,  and  drives 
the  drill  rapidly  forward  against  the  rock.  Admission  takes  place 
during  half  the  stroke,  the  air  I 

working  eipansively  during  the  ' 

second  half. 

To  rotate  the  drill  there  is  a 
spiral  or  rifled  bar  D,  having 
three  grooves.      It   is  fitted   at 

its  head  with  a  ratchetrwheel  K,    —  — 

which  is  recessed  in  the  cover 
of  the  cylinder.  Two  detents 
or  cams,  also  fixed  into  the 
cylinder  cover,  are  forced  by 
small  springs  to  engage  with  the 
teeth  on  the  wheel  E.  The  feed 
is  obtained  through  the  rotation 
of  the  screw  H  in  the  nut  U. 
As  the  admission  both  below  and  | 

above  the  piston  takes  place  si 
time  before  it  arrives  at  the 
of  the  stroke,  a  cushion  is  formed,  and  the  piston  is  thus  prevented 
from  striking  the  covcra. 

IngerBOll  Drill. — Fig.  98  shows  the  construction  of  the  Ingersoll 
eclipse  drill  which  is  so  largely  used  in  American  mines.  Either 
steam  or  compressed  air  may  be  iwed  as  the  motive  power.  The 
machine  consists  of  the  cylinder  A,  with  the  piston  M,  and  the  piston- 
rod  B.  Steam  or  air  is  admitted  by  a  single  spool  valve  C,  and  enters 
the  valve  chest  at  ",  and  when  the  piston  has  reached  the  end  of  its 
bock  stroke  it  passes  round  the  valve  to  the  passage  N',  and  then 
enters    the   port    P',    and    ultimately    reaches  the  back  end  of  the 


Fio.  97.— Section  of  Addaide  drill. 
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cylinder.  Wheo  the  valvo  is  reversed,  the  air  goes  past  mid  enters 
the  port  P,  to  the  front  end  of  the  cylinder.  In  the  ligure  the  port 
P  is  shown  communioiting  witli  tlie  exhaust  E, 

In  the  piston  M  arc  two  recesses  e»,  which  practically  makes  two 
short  pistons  out  of  one  long  one.  There  are  two  ports,  K  K',  leading 
to  the  exhaust,  and  two  small  ports,  V  D',  communicating  croes-wise 
with  the  ends  of  the  valve  chest,  t.>>.  the  port  D  is  connected  with 


Flo.  98.— The  IngerBoll  drill, 

the  end  R'  and  D'  with  R.  At  each  end  of  the  cylinder  are  placed 
two  elastic  cushions,  H  H',  to  protect  the  cylinder  covers  from  injury 
should  the  piston  be  suddenly  relieved  from  resistance  or  the  attend- 
ant fail  to  feed  forward  his  machine  as  the  drill  advances.  The 
drill  is  rotated  by  a  rifled  bar  and  ratchet-wheel.  This  drill  can  be 
had  with  cylinders  varying  in  size  from  I J  in.  diameter,  which  is  used 
for  light  work,  and  holes  3  to  4  ft.  deep  and  1  j  in.  diameter  up  to 
5  in.  diameter — the  largest  size  made — which  is  used  for  holes  2fi  to 
50  ft.  deep  and  3  in.  to  6  in.  diameter. 


GHAPTEB  VI. 

COAL-CUTTING  BY  MACHINERY. 

Coal-cutting  by  machinery  was  introduced  practically  into  British 
mines  over  thirty  years  ago,  at  a  time  when  there  was  a  great  scarcity 
of  workmen,  and  wages  were  high  in  the  mining  districts.  As  long 
ago  as  1869  coal-cutting  machines,  of  the  Winstanley  type,  were 
being  operated  at  collieries  in  the  Wigan  district,  and  about  the 
same  time,  or  shortly  thereafter,  Messrs  William  Baird,  Limited, 
the  well-known  Scottish  coal  and  ironmasters,  introduced  a  coal- 
cutting  machine  of  their  own  design  to  undercut  the  coal  at  their 
Gartsherrie  Collieries,  near  Coatbridge.  Since  that  time  mechanical 
cutters  have  been  used  to  some  extent  in  the  different  mining  districts, 
but  until  recently  coal-cutting  by  machines  has  had  only  a  limited 
application  in  British  mines.  Within  the  last  few  years,  however, 
there  has  been  a  great  increase  in  the  number  of  machines  in  our 
mines,  and  in  the' near  future  coal-cutting  by  machinery  will  have 
a  widely  extended  application  all  over  the  coal-fields  of  Great  Britain. 
In  American  mines  during  the  last  decade  coal-cutting  machines 
have  been  extensively  employed,  and  at  the  present  time  over  one- 
fourth,  or  26^^^r  cent.,  of  the  total  output  on  that  continent  is 
cut  by  m^Rjfafnes,  wHiIe^  in  Great  Britain  the  quantity  of  coal  got  by 
machines  is  under  two  per  cent.  Some  of  the  chief  difficulties  which 
have  retarded  the  more  extensive  employment  of  coal-cutting 
machines  in  Britain  until  recently,  have  been  badly  designed  machines, 
inferior  workmanship,  and  the  use  of  inferior  material.  This  has  to 
a  great  extent  been  largely  remedied,  and  there  are  now  some  excellent 
machines  at  the  disposal  of  colliery  managers,  suited  to  work  under 
almost  any  ordinary  conditions.  Another  difficulty  which  has  had 
to  be  contended  with  haa  been  the  labour  question,  the  workmen  in 
many  districts  having  a  prejudice  against  the  use  of  coal-cutting 
mjichines,  on  the  ground  that  the  introduction  of  such  machinery 
will  dispense  with  the  need  of  hand  labour.  There  has  also  been 
the  difficulty  of  getting  a  ^u^cient  8upply_flLakilled^iiien  to  operate 
and  supervise  the  machines^  and  "consequently  in  niany  cases  in- 
competent men  are  operating  machines  with  unsatisfactory  results. 
This  difficulty  will  lessen  with  the  increase  of  skilled  operators. 
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The  following  table  shows  the  number  of  coal-cutting  machines 
at  work  in  the  various  mining  districts  in  the  United  Kingdom  for 
1902,  and  the  different  types  of  mechanical  cutters  used,  as  given  by 
Sir  C.  Le  Neve  Foster,  in  his  Annual  General  Report  and  Statistics 
of  Mines  and  Quarries  (Part  XL,  1902). 

NuMBEB  OF  Machines,  and  of  Colliebies  where  used,  Motive  Power 
Emplotbd,  and  Quantity  of  Goal  obtained  bt  theib  use  in  the 
VABious  Inspection  Distbiots  dubing  the  Tear  1902. 


S| 

Worked  by 

"SI'S 

/ 

Coal 

District. 

coll 
mao 

t  W( 

Numbei 
machin 

'3 

1 

obtained. 

O     S     O) 

18 

'S 

22 

Tons. 
230,780 

East  Scotland,        .... 

38 

11 

West  Scotland 

19 

52 

7 

45 

526,033 

Newcastle, 

11 

23 

5 

18 

249,291 

Durham, 

12 

30 

20 

10 

223,109 

York  and  Lincoln, .... 

80 

129 

85 

94 

1,349,997 

Manchester  and  Ireland, 

14 

23 

9 

14 

80,036 

Liverpool  and  North  Wales,  . 

18 

70 

4 

66 

418,161 

Midland, 

30 

93 

44 

49 

812,132 

Stafford, 

11 

22 

14 

8 

256,147 

Cardiff 

None 

•  •  • 

•  •  « 

•  •  • 

•  ■  • 

Swansea, 

2 

6 

•  •« 

6 

9,826 

Southern, 

1 

2 

•  •  • 

2 

5,690 

Total, 

166 

483 

149 

334 

4,161,202 

1904 

... 

755 

270 

485 

«  •  « 

A  large  proportion — more  than  three-fourths — of  the  machines 
employed  are  of  the  well-known  disc  type,  which  seem  to  be  best 
suited  for  British  mines.     The  following  table  shows  this  : — 

Mechanical  Coal-cutters  Employed  in  the  United  Eikodok  in  1902. 


, 

Number  fn  use. 

Kind  of 
Machine. 

District 
No.l. 

District 
No.  2. 

District 
No.  3. 

1^- 

14 
2 
0 
8 

•  •  • 

District 
No.  6. 

District 
No.  6. 

District 
No.  7. 

District 
No.  8. 

District 
No.  9. 

I'istrict 
No.  10. 

District 
No.  11. 

District 
No.  12. 

t : 

c.   . 

F,    . 

1 
> 

29 
1 

*  •  ■ 

•  •• 

3 
33 

49 

•  •• 

3 

■  •• 

•  a  ■ 

19 
2 

•  •  • 

1 
1 

•  ■  ■ 

12e 

1 
2 

•  •  • 
•  • 

17 
3 
1 

2 

•  •• 

S8 

16 

2 

■  ■  • 

•  •  • 

•  • 

73 
2 
8 

11 
4 

11 

1 
7 
2 

1 

, 

2 
2 

■  ■■ 

■  ■  ■ 

2 
... 

2 

Total,    . 

52 

23 

30 

129 

23 

70 

93 

22 

6 

2 

A,  Disc  machines  ;  B,  Pick  (Ingersoll  or  Rullivan) ;  C,  Revolving  bar :  D  Botarv  headM-  • 

E,  Toothed  endless  chain;  P,  not  stnted.  '       '*'^'  «M«er  , 
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-Coal-cutting  ittachineB  may  be  divided 


into  the  following  classes  i- 


c.  Chain  machines,  such  an  the  JeSrey  machine 

d.  Bar  nuchines,  Bucli  as  ttie  Hurd  macbiues. 

e.  Fercussiva  machines,  auch  as  the  Ingeraoll -Sergeant  machines. 

u.  Heading  Machines. — Ttiis  class  of  machine  has,  up  to  the 
prescDt,  t>eeii  used  ontj  to  a  very  limited  extent,  the  onlj  machine 
employed  with  success  in  British  mines  being  the  Stanley  heading 
machine. 

It  consists  of  an  iron  frame  carried  on  two  wheels  set  one  in 
advance  of  the  other.  On  this  frame  is  fixed  an  engine  with  two 
cylinders  placed  vertically,  the  pistons  being  connected  to  the  engine 
shaft  by  two  cranks.  This  engine  shaft  carries  geared  wheels  at 
each  end,  and  through  these  is  geared  to  the  principal  cutting  shaft, 


Flo.  99.  —Stanley  beading  machine. 

which  passes  through  the  centre  of  the  frame.  On  the  end  of  this 
shaft  a  croBS'head  is  fastened,  to  which  are  attached,  at  right  angles, 
two  cutter  bars  upon  which  are  fixed  the  cutters.  These  cutters 
revolve  in  a  circle,  and  cut  out  a  circular  core  of  coal  about  5  ft.  in 
diameter.  The  main  shaft  has  a  screw  thread  cut  nearly  its  whole 
length,  by  which,  aided  by  suitable  gearing,  the  cutters  are  advanced. 
The  cutter  bars  project  about  3  ft.  beyond  the  cross-head ;  and  this 
length  controls  the  depth  of  each  cut.  The  machine  is  'anchored' 
to  the  sides  and  floor,  by  means  of  screwed  arms,  to  maintain  it  in 
position,  and  to  keep  the  cutters  against  the  face.  When  a  cut  the 
length  of  the  arms  has  been  made,  and  the  coal  removed,  the  cutting 
motion  is  put  out  of  gear,  and  the  advancing  motion  put  into  gear, 
by  which  the  whole  machine  is  propelled  forward  ready  to  start  a 
new  cut.  The  whole  machine,  which  is  worked  by  compreeaed  air, 
weighs  between  three  and  four  tons.  It  can  cut  usually  between  12  to 
15  ft.  in  a  shift  of  eight  hours,  including  the  time  taken  to  bring  down 
the  coal  and  more  the  machine  forward.     Compared  with  hand  labour. 
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the  cost  of  cutting  hj  this  maciiine  ia  high,  but  the  great  advantage 
of  usiug  it  ia  the  rapidity  with  which  a  field  of  coal  can  bo  opened  out. 
It  can  only  be  used  in  thick  Beams,  i.e.  seams  above  5  ft.  thick. 

b.  Disc  MactauteB. — There  are  now  a  considerable  number  of 
different  machines  of  this  type  used  in  British  mines,  but  they  are 
all  constructed  on  practically  the  same  principle,  viz.,  that  the  under- 
cutting is  done  by  means  of  a  disc,  on  the  periphery  of  which  are 
fixed  a  number  of  picks  or  cutting  tools,  the  disc  working  in  the 
same  way  as  a  circular  saw,  but  placed  horizontally  instead  of 
vertically,  and  made  to  rotate  by  suitable  gearing.  These  machines 
are  eiclusively  used  for  longwalt  working,  where  they  can  be  set  to 
under-cut  a  long  length  of  face  in  one  operation. 

The  Gillott  &  Copley  ia  one  of  the  best  known  types  of  disc 
Diachine,  and  has  been  successfully  used  for  over  twenty  years.  It 
is  worked  by  compressed  air,  and  has  a  frame  about  6J  ft.  long  by 
2j  ft.  wide,  which  carries  two  cylinders  8  or  9  in.  diameter,  and 
about  the  same  length  of  stroke.     The   cutter-wheel,  which    varies 


Fio.  100.— The  OiWoM  k  Copley  coal  outtar. 

from  3  to  i  ft.  in  diameter,  carries  on  its  circumference  about 
twenty-five  steel  teeth,  and  cuts  to  a  depth  of  3  to  3i  ft.,  the  height 
of  cut  not  being  more  than  3  in.  This  machine  works  at  a  low 
speed,  the  cuttei^wheel  making  only  about  five  or  six  revolutions  per 
minute.  The  machine  runs  along  the  face  on  rails,  and  is  fitted  with 
the  usual  wire  rope  and  drum  armngement.  The  disadvant^e  of 
this  machine  is  that  it  does  not  cut  level  with  the  floor,  the  portion 
left  on  having  to  be  taken  up  by  liand.  It  can,  however,  he  arranged 
to  cut  level,  but  it  must  be  provided  with  a  guard  to  keep  the  disc 
from  taking  the  cuttings  back  into  the  holing. 

Where  the  holing  is  done  in  the  coal,  this  machine  does  very  well, 
but  is  not  so  efficient  when  cutting  in  fireclay  as  some  of  the  other 
disc  machines.  Where  the  under-cut  only  re<iuire8  to  l>e  about  3  ft. 
or  so,  this  machine  gives  good  results  under  favourable  conditions 
for  working ;  where  a  deeper  cut  is  required,  some  of  the  machines 
with  larger  discs,  such  as  the  Diamond  machine,  are  generally  used. 

The  Kigg  *  Meiklejohn  machine  is  somewhat  like  the  Oillott 
&  Copley  cutter,  and  holes  the  coal  in  the  same  way,  the  picks  beiug 
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fixed  into  a  circular  disc.  It  is  made  bo  tiiat  it  can  cut  at  the  very 
bottom  of  the  coal.  The  construotiou  of  this  machine  will  bo  under- 
stood by  reference  to  fig.  101.  It  is  placed  oo  a  steel  frame  xy, 
carried  on  fonr  wheels,  and  kept  in  adjustment  bj  screws  at  each 
comer.  The  two  air  cylinders  ild  are  bolted  to  the  frame,  these 
cylinders  being  about  8  in.  diameter  and  10  in.  stroke.  A  jib  b, 
bolted  to  the  side  of  the  frame,  carries  the  disc  a,  with  eight  or  ten 
snugs  efij  on  which  the  picks  are  bolted.  A  bevel  pinion  r,  with 
twenty-seven  teeth  on  the  engine  shaft,  is  geared  into  a  circular  rack  / 
of  sixty  teeth  on  the  disc.  The  tlisc  makes  about  sixty-two  revolutiona 
per  minute,  while  the  engine  makes  about  140  revolutions.     The  picks, 


Fio.  101. — Eigg  k,  ftleiklejohii  mochiQe. 

5  to  6  in.  long,  made  of  hard  steel,  arc  in  sets  of  four,  and  shaped  so 
that  the  whole  thickness  of  holing,  about  4  in.,  is  fully  occupied  by  the 
pick  points.  The  disc  revolves  on  a  bearing,  and  is  kept  in  position 
by  a  >>ottom  plate,  bolted  with  stud  bolts  to  the  jib.  The  machine  is 
reversible,  and  cuts  cither  way.  The  engines  are  reverecd  by  turning 
the  eccentric  pulleys  round  on  the  shaft,  no  links  being  used.  The 
machine,  whilst  cutting,  is  hauled  along  by  gearing  from  the  main 
driving  shaft,  on  which  there  is  bolted  a  split  worm  which  works 
into  a  pinion  on  the  under  shaft.  The  under  shaft  extends  from 
the  engine  sole-plate  t«  the  front  of  the  machine  in  which  the 
bearings  are  seatt-d.  A  solid  worm  on  the  under  shaft  is  geared  into 
a  pinion  on  the  hauling  shaft,  on  which  the  drum  or  chain  wheel  g 
is  placed.     A  |-iii.  chain  is  coiled  once  or  twice  round  the  drum  and 
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a  made  fast  to  a  prop  60  ft.  aliead.    The  depth  of  cut  is  about  3  ft. 

to  3  ft.  6  in.,  the  height  of  the  machine  22  in.,  and  the  weight  about 
/ 18  cwt. 

This  is  a  very  good  machine,  when  compressed  air  is  bemg  used 

Ls  the  motive  power,  for  thin  scams,  as  in  cutting  it  makes  its  own 
J  floor.     It  is  equally  suitable  for  cutting  in  either  a  coal  or  fireclay 

holing,  and  haa  been  extensively  used  with  successful  rcsulta  at  a 

largo  number  of  collieries  for  a  good  many  years.     The  motive  power 
^  us^  is  compressed  air,  but  it  is  now  being  constructed  to  work  also 

with  electricity. 

The    Clarke  &  Steavenson  machine  (fig.  101a)  ia  constructed  on 

much  the  same  principle  as  the  last  two  described,  with  the  exception 


Fio.  101a. — Clarke  k  Steuvenuia  mucliiue. 

of  some  minor  details.  Unlike  the  Gillott  &  Copley,  or  Uigg  & 
Meiklejohn  machines,  it  has  l)een  constructed  to  work  with  either  ■ 
eompreased  air  or  electricity  as  the  motive  power,  the  larger  number 
now  being  made  to  be  driven  electrically.  Two  types  of  this  machine 
are  at  present  in  use,  the  standard  type  for  cutting  in  seams  26  in. 
and  over,  and  the  low  type  for  cutting  in  scams  under  26  in.,  the 
latter  machines  being  capalile  of  cutting  iu  seams  20  in.  in  height. 
The  Clarke  &  Steavcnson  maehine,  like  those  already  described,  is 
provided  with  a  disc  fitted  with  cutters  which  are  alternately  of  the 
straight  and  forked  type,  or  singles  and  doubles,  and  are  secured  to 
the  disc  by  being  fitted  into  boxes  cast  on  its  periphery  and  held  in 
position  by  cotter  bolts  and  mits,  or  by  split  pins.  The  number  of 
cutters  or  teeth  in  the  cutting  wheel  is  twenty,  of  which  ten  are 
straight,  or  singles,  and  ten  forked,  or  doubles.  The  discs  used  are 
either  1  ft.  or  6  ft  in  diameter,  according  to  the  depth  of  the  under- 
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cut  required,  the  former  making  sn  under-cut  of  3  ft.  6  in.,  while  the 
latter  makes  an  under-cut  5  ft.  6  in.  in  depth. 

The  standard  type  is  2  ft.  2  in,  in  height,  measuring  from  the  top 
of  the  rail  to  the  top  of  the  casing,  while  in  the  special  low  type 


the  height  is  1  ft.  5  in.  In  the  Rigg  &  Meiklejohn  machine  tha 
cutter  wheel  is  placed  almost  at  the  front  of  the  machine,  but  in 
the  Clarke  ic  Steavenson  it  is  placed  at  the  rear,  which  is  a  great 
advantage,  as  the  material  from  the  cut  is  delivered  ftt  a  point  closp 
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to  the  driver.  As  a  consequence,  if  the  machine  is  working  beyond 
its  capacity  and  is  hard  pressed,  the  driver  can  materially  assist 
it  by  clearing  back  the  cuttings  from  the  wheel.  This  at  first  was 
considered  a  disadvantage,  as  it  was  thought  that  it  would  prevent 
the  machine  from  cutting  forward  and  backwards  if  required,  but  it 
has  been  found  that  by  changing  the  cutters  in  the  disc  (%.€,  putting 
in  cutters  suitable  for  the  direction  in  which  the  machine  is  to  travel) 
the  machine  can  cut  back  equally  as  well  as  forward.  At  the  same 
time  that  the  cutters  are  changed  the  long  bridle  must  also  be 
changed  to  the  other  end,  and  the  haulage  rope  drawn  through 
under  the  machine.  The  Clarke  &  Steavenson  machine  was  first 
introduced  about  ten  years  ago,  and  since  then  it  has  proved  to  be  a 
good  all-round  coal-cutter  for  working  under  very  various  conditions. 

The  Diamond  machine  (fig.  101b)  is  another  well-known  machine  of 
the  rotary  disc  type.  A  large  number  of  these  machines  are  at  work 
in  the  Midland  coal-fields,  and  have  been  found  to  give  good  results  in 
seams  where  a  deep  under-cut  is  required.  The  Diamond  Coal-Cutter 
Company,  who  manufacture  the  machine,  were  the  first  to  introduce 
deep  under-cutting,  the  depth  of  the  under-cut  varying  frqm  4^  to 
6}  ft.,  the  latter  depth  of  cut  being  employed  in  seams  of  medium 
thickness,  e.g.y  4  to  5  ft.  Diamond  machines  are  also  made  to  cut 
in  thin  seams  of  2  ft.  and  under,  with  an  under-cut  of  3  to  3^  ft.,  as 
is  usual  in  such  seams.  Two  types  of  this  machine  are  now  con- 
structed, those  fitted  with  cylinders  to  work  with  compressed  air, 
and  those  fitted  with  motors  to  work  with  electricity.  Several  new 
features  have  been  introduced  into  these  machines.  In  the  com- 
pressed air  machines  the  power-cylindei-s,  instead  of  being  placed  side 
by  side  at  one  end  of  the  machine,  as  is  the  usual  practice  in  the 
other  disc  cutters  described,  are  placed  one  at  each  end  of  the 
machine,  an  arrangement  which  has  an  important  effect  in  assisting  to 
balance  the  large  cutter-wheel.  This  arrangement  also  decreases  the 
width  of  the  machine,  which  is  a  point  of  no  small  importance, 
especially  where  cutting  with  machinery  has  to  be  done  in  seams  with 
a  bad  roof.  Another  feature  of  this  machine  is  that  by  fitting  on  an 
extra  pair  of  axles  and  wheels  and  tuniing  the  machine  over,  it  can 
be  made  to  cut  at  any  height  in  the  seam,  and  it  can  cut  in 
either  direction.  The  cutting  wheel,  whicli  is  of  the  usual  disc 
pattern,  is  attached  to  a  strong  bracket  fixed  to  the  framework  of  the 
machine. 

The  Anderson-Boyes  machine  (fig.  101c)  is  another  of  the  longwall 
machines  of  the  disc  type,  which  has  recently  been  put  on  the  market 
by  the  firm  of  Messrs  Anderson,  Boyes  &  Company,  of  Motherwell, 
N.B.  The  machine,  which  is  electrically  driven,  has  been  mainly 
designed  by  Mr  Daniel  Burns,  M.E.,  who  has  had  a  large  practical 
experience  in  the  installation  of  coal-cutting  plant  in  Scotch  collieries, 
especially  thin  seam  collieries,  and  the  design  of  the  machme  is  the 
outcome  of  that  experience,  the  improvements  which  he  has  intro- 
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diiced  being  euggested  hy  the  defecte  in  other  coal-cutters  which  are 
now  at  work  iu  our  coal-fields.  Of  course,  every  machine  haa  aome 
imperfections,  and  the  ideal  machine  to  work  under  varying  conditions 
is  as  jet  in  the  experimental  stage.  The  following  is  a  description  of 
the  nuichino ; — The  frame,  which  is  of  heavy  angle  steel  4J  in.  by  4J 
in.  by  1  in.,  extends  along  each  side,  and  is  braced  by  the  motor  boi 
at  one  end  and  the  switch  box  at  the  other,  both  being  attached  to 
the  frame  by  heavy  Btted  bolts. 

The  cutter  wheel  is  4  ft.  6  in.  in  diameter,  and  carries  twenty  cutters, 
ten  donbles  and  ten  singles.  The  peripheral  speed  of  the  cutting 
wheel  is  about  300  ft  per  minute,  and  the  reduction  gear  is  carried 
on  three  shafts.  In  order  to  keep  the  pinions  cloeely  in  gear  the 
plummer  blocks  are  all  cast  in  one  piece,  the  arrangement  of  the 
gearing  for  the  cutter  wheel  being  such  as  admits  of  the  use  of  a 
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short  stiff  bracket  which  carries  the  wheel  and  arc-plate.  The  haul- 
age gear  is  fitted  low  down  in  the  body  of  the  machine  just  behind 
the  switch  box,  and  is  arranged  so  aa  to  take  the  rope  upon  the  inider 
side,  whether  the  machine  is  cutting  back  or  forward.  An  arrange- 
ment is  fitted  to  the  ratchet  wheel  which  admits  of  the  feed  being 
thrown  off  or  regulated  while  the  machine  is  nuining.  This  is  fixed 
in  a  position  which  is  easily  accessible  to  the  peraon  driving  the 
machine,  and  is  an  appliance  which  should  save  a  great  deal  of  time 
where  the  cutting  has  to  be  doue  in  under-clay  that  varies  much  in 
hardness.  The  most  important  part  about  the  machine  is  the  motor, 
which  is  specially  constructed  for  the  work,  and  is  of  much  greater 
power  tlian  those  moat  commonly  used  in  coal-cutters,  being  39  horse- 
power if  the  macbiuo  is  series  wound,  the  class  of  winding  most 
generally  used  for  coal-cuitcrs ;  if  shunt  wound  it  gives  38  horse- 
power. 
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The  Jeffrey  machine  is  an  American  type  of  disc  machine  which 
has  only  recently  been  introduced  into  this  comitry.  It  is  con- 
structed in  two  types,  viz.,  to  be  driven  by  compre^ed  air  and  to 
be  operated  by  electricity.  The  construction  of  both  types  are  nearly 
similar,  in  the  latter  a  motor  being  substituted  for  the  air  cylinders. 
The  electrical  machine  consists  chiefly  of  two  parts,  the  motor  and 
feeding  gear  on  its  frame,  and  the  cutting  wheel.  The  frame  of  the 
machine  is  of  the  usual  rectangular  shape,  and  made  of  steel,  with 
the  haulage  drum  for  moving  it  along  the  face  placed  at  the  forward 
end.  The  motor  is  placed  in  the  middle  of  the  frame,  and  the  cutting 
wheel  is  placed  at  the  extreme  rear  end.  By  means  of  a  hand  wheel 
the  disc  can  be  tilted  up  or  down  so  as  to  follow  any  unevenness  in 
the  floor,  or  pass  any  obstruction  in  the  holing,  such  as  ironstone 
balls,  which  may  be  encountered.  A  device  is  also  provided  for 
altering  the  speed  of  travel  of  the  machine  without  changing  the 
speed  of  the  cutter  wheel.  Another  novelty  in  connection  with  this 
machine  is  that  it  only  requires  a  single  rail  to  run  on,  this  rail 
being  placed  imder  the  centre  of  the  machine,  the  side  thrust  being 
taken  up  by  special  sleepers  and  light  screw-jacks.  The  machine  is 
operated  from  the  front  end,  the  feed  being  driven  by  an  eccentric 
through  a  ratchet  and  pawl  on  to  the  haulage  drum,  and  there  is  an 
arrangement  for  enabling  the  feed  to  be  stopped,  started,  or  adjusted 
without  it  being  necessary  to  stop  the  motor.  This  enables  the 
machine  to  clear  itself  should  it  get  hampered  by  a  fall  of  coal.  Three 
rates  of  cutting  are  provided  for — 8,  16,  and  25  inches  per  minute, 
or  vice  versa,  iihould  such  lowering  of  speed  be  required,  according  to 
whether  the  under-cut  is  soft  or  hard.  The  machine  is  constructed 
to  cut  either  forwards  or  backwards,  making  it  suitable  for  working 
in  a  short  length  of  face.  The  high-speed  wheels  gearing  the  arma- 
ture down  to  the  cutting  wheel  and  feed  eccentric  are  enclosed  in  a 
casing  arranged  so  as  to  run  in  oil,  which  reduces  the  noise  of 
the  machinery  while  cutting  is  being  done,  and  so  enabling  the 
attendants  to  hear  any  movements  in  the  coal  or  roof  more  readily. 
The  cutters,  which  are  all  singles,  are  secured  in  position  by  suitable 
boxes  on  the  periphery  of  the  wheel.  One  half  of  the  cutters 
are  set  with  their  faces  upwards,  and  the  other  half  downwards. 
Different  sizes  of  cutting  wheels  are  used  according  to  the  depth  of 
under-cut  required,  the  smallest  size  cutting  3  ft.  6  in.,  and  the 
largest  cutting  6  ft.  under,  the  height  of  the  cut  being  4  to  6  in., 
according  to  depth.  The  electric  machine  is  fitted  with  a  25  horse- 
power motor,  and  weighs  about  34  cwt.,  the  principal  dimensions  being 
8  ft.  2  in.  long,  3  ft.  8  J  in.  wide,  and  19  in.  high  from  the  top  of  the  rail, 
tin  Machines. — These  machines  are  of  comparatively  recent 
date,  having  been  first  introduced  into  American  mines  in  1894, 
but  since  that  time  they  have  rapidly  made  their  way  into  a  large 
number  of  mines  in  the  United  States.  Only  in  a  few  instances 
have  they  been  used  in  Great  Britain. 
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They  are  most  largely  employed  for  cutting  i 
in  pillar  and  stall  workings,  although  machines  like 
Gardner  are  suited  for  longwall  work.  The  principle  < 
machine  is  almost  that  of  the  band-saw,  with  the  addition  of  suitable 
mechaniam  for  moving  the  machine  while  it  is  cutting.  The  machine 
consiBts  of  three  principal  parta  :~(a)  A  fixed  carriage  wliich  can  be 
clamped  fast  to  the  side  of  the  working  place  by  screw-clawa,  the 
cut  being  effected  laterally,  the  claw  holding  the  carriage  in  front 
being  set  at  an  angle  of  45°  so  as  to  take  up  the  thrust;  ('<)  a 
movable  frame  in  the  shape  of  a  trapezium  that  rolls  longitudinally 
on  the  carriage,  the  short  base  of  which  carries  the  motor,  while  the 
long  base  is  in  contact  with  the  face,  having  over  its  whole  periphety 
a  groove  through  which  passes  the  endless  chain ;  (n)  the  endless 
chain,  moving  in  the  groove  of  the  frame,  passing  at  the  back  round 
a  driving  pinion,  and  in  front  over  two  small  guide  pulleys.  The 
cutters,  which  are  often  set  upwards  and  downwards  alternately,  are 


Fig.  102.  —Jeffrey  cLaiu  machiue. 

Btted  to  the  links  of  this  chain.     Nearly  all  of  these  chain  machines 
are  now  driven  by  electricity. 

The  Jeffrey  chain  machine  (tig.  102)  is  designed  to  work  either  in 
pillar  and  stall  or  longwall  workings,  and  can  be  built  to  work  by 
compressed  air  or  electricity.  It  consists  of  three  principal  parts, 
the  bed  frame,  the  sliding  chain  cutter  frame,  and  the  motor  carriage. 
Upon  the  frame  are  monoted  the  feed  racks  and  a  cross-bar  on  which 
rests  the  jack  for  taking  the  backward  thrust.  The  cutter  frame 
consists  of  one  steel  centre  rail,  the  cutter  head,  and  two  side  guides 
for  the  cutter  chain.  The  cutter  frame  is  triangular  in  shape, 
making  it  necessary  to  use  only  three  wheels,  two  in  the  cutter  head 
and  the  sprocket  wheel,  for  convoyhig  power  to  the  cutter  chain. 
The  driving  and  feeding  mechanism,  consisting  of  steel  pinions  and 
wheels  for  working  the  machine,  are  mounted  on  the  carriage.  The 
cutter  bits,  which  are  fixed  in  the  ends  of  the  cast  steel  cutter  links, 
are  straight,  with  a  slight  hook  at  the  cutting  end.  When  it  is  set 
working,  the  chain  begins  to  travel  round,  while  at  the  same  time 
the  cutter  head  and  frame  are  advanced  into  the  coal.     The  machiue 
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having  cut  to  the  full  depth,  the  direction  of  travel  is  reversed  and 
the  cutter  frame  drawn  in  again.  The  machine  is  then  slid  along 
a  distance  about  equal  to  that  of  the  cutter  head,  and  the  work 
proceeds  as  before.  The  machines  are  built  to  under-cut  5^  and  7  ft., 
the  height  of  cut  being  4  to  5  in. 

Two  types  of  the  Jeffrey  machine  are  constructed,  the  ordinary 
type  for  working  in  moderately  thick  seams,  and  the  low  type  con- 
structed for  operating  in  thin  seams.  The  construction  of  both 
machines  is  practically  alike,  the  only  difference  being  that  in  the 
low  type  the  motor  is  set  much  lower  down  in  the  carrying  frame, 
which  reduces  its  height. 

Another  type  of  the  chain  machine  is  the  Morgan-Gardner,  which 
in  construction  resembles  very  much  that  of  the  Jeffrey  machine, 
with  the  exception  of  some  minor  details,  and  so  does  not  require 
further  description. 

Another  machine  of  the  chain  type  which  has  been  recently  intro- 
duced is  that  known  as  the  Mather  &  Piatt  machine,  manufactured 
by  the  well-known  firm  of  that  name  at  Manchester.  The  construction 
of  this  machine  is  much  on  the  same  lines  as  those  just  described. 

Chain  Shearing  Machine. — ^This  type  of  machine  is  used  for  shearing 
or  side-cutting  the  coal  in  narrow  places,  such  as  in  pillar  and  stall 
working.  The  construction  of  the  machine  is  somewhat  like  the  chain 
under-cutting  machine,  but  with  the  frame  round  which  the  cutter 
chain  passes  placed  in  a  vertical  instead  of  a  horizontal  position. 
The  outside  frame  is  constructed  of  heavy  steel  angles  with  the 
flanges  turned  in,  which  gives  a  broad  wearing  surface  for  the  carriage 
that  carries  the  motor  and  gearing.  The  machine  is  fitted  with  a 
motor  at  the  rear  end  of  the  machine  which  drives  the  shearing 
chain  through  spur  and  bevel  gearing. 

Bar  Machines. — This  is  a  type  of  machine  which  is  very  different — 
so  far  as  the  tool  used  for  under-cutting  is  concerned — from  the  two 
classes  of  machines  just  described.  Instead  of  the  under-cutting  being 
done  by  a  disc  or  moving  chain,  a  circular  tapered  steel  bar  with  a 
number  of  teeth  or  cutters  fixed  in  its  periphery  is  employed  to  do  the 
cutting.  For  under-cutting  in  certain  seams  this  type  of  machine  has 
some  advantages  over  the  disc  cutter.  In  seams  which  are  soft  and 
friable,  if  disc  machines  arc  employed  a  good  deal  of  trouble  is  often 
experienced  by  the  under-cut  coal  coming  down  on  the  disc  before  it  can 
clear  itself,  or  before  sprags  or  holing  props  can  be  put  in  to  support  the 
cut  coal.  The  larger  the  disc  used,  the  more  likely  is  there  to  be 
trouble  from  this  cause,  as  the  area  of  under-cut  and  unsupported 
coal  will  vary  as  the  diameter  of  the  cutting  wheel.  These  falls  of 
coal  taking  place  on  the  disc  cause  delay,  as  the  machine  requires  to 
be  stopped  imtil  the  fallen  coal  is  cleared  away ;  and  where  cutting 
is  being  done  in  thin  seams  with  a  bad  roof  where  propping  is  carried 
close  to  the  machine,  the  clearing  of  such  coal  is  often  a  tedious  and 
difficult  process.     Where  such  conditions  prevail,  the  bar  machine  may 
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be  employed  with  good  results,  as  only  a  Bmalt  area  is  under-cut  and 
left  unsupported  tor  a  very  short  time,  as  the  spra^giug  can  be  done 
quite  cloee  to  the  cutter  bar.  Another  advantage  that  is  claimed  for 
this  type  of  nmchioe  is  that  less  power  is  required  to  drive  it  than 
a  disc  or  chain  machine  for  an  equal  depth  of  under-cut.  In  actual 
working  practice  we  do  not  think  there  is  a  very  great  difference  in 
the  power  required  for  driving  the  two  classes  of  machines,  and  it  is  a 
point  on  which  at  present  too  much  value  need  not  be  put,  for  the 
power  required  for  driving  is  after  all  not  of  bo  much  importance  as 
the  time  required  to  cut  a  given  area  hy  a  machine. 

Other  advantages  claimed  for  the  bar  machine  are  that  there  are  no 
bearings  under  the  coal  when  cutting  is  proceeding,  as  in  the  centre 
of  a  cutting  disc ;  that  the  machinemen  are  not  so  hard  worked  as 
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with  disc  machines ;  that  the  holings  are  better  cleared  out ;  and 
that  the  cutters  are  easier  examined. 

The  Hurd  bar  machine  (figs.  102a,  102b)  is  the  beet  known 
machine  of  the  bar  type.  It  has  hcen  installed  at  a  considerable 
number  of  collieries  in  England  and  Scotland,  but  its  numbers  are 
limited  compared  with  the  number  of  disc  machines  which  are  now 
in  operation. 

The  Goolden  bar  machine  is  practically  similar  to  the  Hurd  in  its 
general  arrangements,  with  some  differences  in  detail.  In  the  Hurd 
machine  the  cutter-bar  has  a  reciprocating  aa  well  as  a  circular 
motion,  which  produces  a  chipping  as  well  as  a  cutting  action,  while 
in  the  Goolden  machine  the  bar  has  only  the  circular  motion. 

Peraissive.  Mackinen. — The  percussive  machine,  as  its  name  implies, 
under-cuts  the  coal  by  a  series  of  blows  in  much  the  same  way  as  a 
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miner  would  under-cut  with  his  pick,  so  that  their  action  ib  altogether 
different  from  the  machines  prewioualj  described  in  which  the  under- 
cutting is  done  by  a  continuously  rotating  disc,  chain,  or  bar.  Per- 
cussive machines  are,  therefore,  practically  pneumatic  or  electric 
picks.  They  resemble  mechanical  rock-drilla  in  that  they  are  only 
furnished  with  a  single  cutting  bit,  though  they  differ  from  them  in 
having  no  mechaniam  for  rotating  nor  a  screw  tor  giving  the  feed, 
while,  instead  of  being  fixed  at  work,  they  are  essentially  movable. 
These  machines  were  firet  introduced  into  American  mines  about 
1880,  and  since  then  they  have  been  extensively  employed  for  mechani- 
cal cutting  in  the  coal  mines  of  the  United  States  and  Canada.  In 
quite  a  large  number  of  the  mines  in  those  countries  the  under-cutting 
is  entirely  performed  by  percussive  cutters,  although  in  some  districts 
they  are  being  gradually  displaced  by  the  chain  machine.  Up  till 
the  present  they  have  been  very  little  used  in  British  mines,  the  other 
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types  of  machines  being  preferred.  The  American  coal-seams  are 
more  suitable  for  cutting  by  percussive  machines,  being  of  a  softer 
and  more  friable  nature  than  the  coal-scams  of  Great  Britain.  All 
percussive  machines  are  of  one  type  and  are  worked  on  a  similar  prin- 
ciple, though  differing  somewhat  in  detail  from  each  other. 
They  are  cotiatmcted  with  the  following  main  parts  •  ; — 

(a)  A  cylinder  3  to  4  in.  diuneter  and  9  to  12  id,  stroke. 

(b)  A  piaton  and  rod,  with  th«  rod  extended  to  make  the  cDtting  tool. 

(-:)  A  valve  and  vjlve-ohBat,  the  valve  being  thrown  by  air,  or  operated  by  a 
small  inde|)eDdeDt  engine,  ciuhiouing  arrangements  being  in  all  cases 
a  neceaaity. 

(rf)  A  slcove  or  guide  attached  to  the  front  end  of  the  cylinder,  to  guide  and 
steady  the  piston-rod,  and  also  provided  with  arrangements  for  pre- 
venting the  piston  and  cutting  tool  from  turning. 

(«)  A  auitable  pick  or  cutter,  usually  sharjiened  to  a  fieb  tail  sbB|ie. 

(/)  A  pair  of  ;ilain  wheels  upon  which  the  machine  is  carried,  the  wheels 
as  to  balance  the  machine, 
it  the  bark  for  the  machineman  lo  take  bold  of. 

'  fnginuriny  Utigasint,  August  1B03,  p.  ISS. 
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Method  of  Working  Pej'cussive  Machines. — "In  operating  a  pick 
machine  the  runner  sits  on  a  board  or  platform,  inclined  to  the  face 
of  the  coal ;  one  foot  of  the  operator  is  braced  against  one  wheel  of 
the  machine,  and  with  the  two  handles  he  directs  it  against  the  coal, 
picking  off  the  coal  exactly  as  a  miner  would  do,  except  with  much 
more  force  to  each  blow.  The  under-cut  made  is  V'shaped,  12  to  18 
in.  in  height  at  the  face,  and  tapering  back  to  a  feather  edge  on  the 
floor  at  the  rear  of  the  cut,  the  depth  of  the  cut  being  from  3  to  6  ft. 
deep,  according  to  the  thickness  of  the  coal.  A  helper  shovels  away 
the  cuttings  as  the  machine,  guided  by  its  operator,  loosens  the  coal 
in  the  under-cut."  * 

The  work  in  operating  these  machines  is  severe,  especially  with 
unskilled  machinemen  and  in  hard  coal,  for  the  inclineid  board  and 
the  chock  provided  by  the  operator's  foot  only  partially  takes  up  the 
lecoil  of  the  machine.  In  a  hard  seam,  unless  the  machineman  can 
rest  frequently,  the  labour  of  keeping  the  machine  up  to  its  work 
becomes  very  fatiguing,  in  fact  almost  unendurable,  and  hence,  as 
already  stated,  they  are  best  suited  for  cutting  in  soft  and  friable 
seams. 

There  are  now  quite  a  number  of  these  machines  in  use,  but  we 
need  only  describe  one  or  two,  as  they  are  all  so  much  alike. 

The  IngersoU-Sergeant  machine  (as  also  the  Harrison  machine)  is 
fitted  for  working  in  narrow  "  rooms  "  or  drifts.  It  is  simply  a  chisel 
attached  to  the  continuation  of  the  piston-rod  of  an  air  cylinder,  and  may 
be  called  a  slotting  machine.  The  machine  (fig.  103)  is  mounted  on 
a  pair  of  wheels  to  enable  the  cutting  tool  to  operate  in  any  direction, 
either  under-cutting  or  cutting  in  an  upward  direction,  and  to  facili- 
tate the  removal  of  the  machine  from  point  to  point.  The  tool 
receives  a  reciprocating  motion  from  a  small  cylinder  of  the  usual 
type  fixed  to  the  frame  of  the  machine.  The  piston  works  through 
suitable  packing  at  the  front  end  of  the  cylinder,  and  is  made  long 
enough  to  project  beyond  the  end  of  the  sleeve  in  which  it  vvorks  when 
at  the  end  of  its  back  stroke.  At  the  forward  end  of  the  cylinder  is 
placed  a  bufler  of  leather  of  such  construction  as  to  form  a  cushion 
for  the  piston.  The  projecting  part  of  the  piston-rod  is  tapered  so  as 
to  fit  a  corresponding  taper  in  an  extension  piece  which  is  fixed  to 
the  piston- rod  by  a  key.  The  outer  end  of  this  extension  piece  is 
made  to  receive  the  pick  or  chisel,  which  is  also  held  in  position  by 
another  key.  The  piston-rod  is  provided  with  eight  straight  grooves 
engaging  in  similar  projections  in  the  end  bushing  for  the  purpose 
of  preventing  any  accidental  movement  of  the  piston  and  pick.  The 
cutting  edge  of  the  pick  is  shaped  like  a  V,  having  a  sharp  edge  and 
cutting  points.  The  pick  can  be  easily  removed  and  sharpened. 
The  machine,  as  already  described,  is  worked  from  an  inclined  board 
of  convenient  size,  while  making  an  open  channel  under  the  coal  of 
4  ft.  to  5  ft.  of  face  and  3  ft.  to  5  ft.  of  under-cut.     The  claims  of 

*  Mines  and.  Minerals,  June  1903,  p.  510. 
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this  Duuihiae  are  that  it  is  Bniall,  simple  in  oonBtruction,  requires 
httle  space,  ia  light — weighing  only  about  750  lbs. — portable  and 
cheap. 

The  HatTisoD  machine  is  very  similar  to  the  Ingersoll-Sergeant, 
but  ia  somewhat  heavier  and  stronger.  The  air  distribution  is  effected 
by  a  small  auxiliary  motor,  which  cuta  off  a  half-stroke,  and   the 


Fio.  103. — I iigersoll -Sergeant  mschi US. 
cylinder  head  is  protected  by  a  leather  cushion,  which  deadens  the 
blow  of  the  piston  when  the  bit  or  cutter  does  not  strike  the  coal. 
With  an  air  pressure  of  70  lbs.  per  square  inch  this  machine  gives  190 
to  210  blows  per  minute,  with  a  stroke  of  11  in.  It  makes  an  under- 
cut of  6  ft.  deep  and  abont  6  in.  in  height. 

The  Uullivan  machine,  which  is  also  driven  by  compressed  air,  has 
a  system  of  variable  expansion  that  permits  of  graduating  the  blow, 
and  the  cylinder  head  is  protected  by  an  air-cushion,     It  greatly 
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resembles  an  ordinary  rock  drill,  is  mounted  on  a  carriage  running  on 
rails,  and  the  bit,  much  longer  than  \isual,  is  supported  by  an 
arm  that  also  acts  as  a  guide.  This  appliance  can  be  moved  in 
a  vertical  plane  so  as  to  make  a  cut  in  the  face  for  its  whole 
height;  and  the  forward  feed  is  given  by  a  small  winch  on  which 
a  cliain  is  wound,  so  that  a  cut  6  in.  wide  can  be  made  to  a  depth 
of  7i  ft. 

The  Morgan-Gardner  percussive  machine,  unlike  the  three  above 
described,  is  driven  by  electricity,  and  is  practically  the  first  of  its 
class  which  has  been  successfully  worked  by  electrical  power.  The 
construction  of  the  machine  is  practically  similar  to  those  just 
described,  with  the  exception  that  an  electric  motor  is  substituted  for 
a  compressed  air  cylinder.  The  rod  with  the  cutter  attached  is 
drawn  backwards  by  a  cam  during  half  a  revolution,  and  then  a 
strong  spring  propels  it  sharply  forward,  the  cam  being  worked  by 
gear  from  a  continuous  current  motor  with  vertical  axis  carried  on 
the  machine.  It  can  give  from  175  to  225  blows  per  minute,  and 
cuts  to  a  depth  of  4^  ft.  The  weight  of  the  machine  is  about  750  lbs., 
and  it  has  a  total  length  over  all  of  7  ft. 

The  Champion  machine  is  also  of  the  percussive  type,  but  differs 
very  considerably  in  construction  from  those  just  described.  It  is 
practically  a  combination  of  the  percussive  machine  and  rock  drill. 
The  machine  consists  of  five  essential  parts,  viz. :  (1),  The  support- 
ing column  (5  ft.  long),  200  lbs. ;  (2),  the  segment  with  accessories, 
114  lbs.;  (3)  the  air  drill,  239  lbs.;  (4),  extension  rods,  two,  for 
cutting  up  to  7  ft.  deep,  '2S  lbs. ;  (5)  the  bit.  The  supporting 
column,  of  simple  construction,  is  securely  fixed  about  3  ft.  from 
the  working  face.  Sliding  on  this  column  longitudinally  is  a  sleeve 
which  can  be  fastened  at  any  given  height  of  the  support.  In  a 
bearing  of  the  sleeve  the  toothed  segment  is  carried,  and  may  be 
rocked  therein  from  a  horizontal  to  a  vertical  plane,  or  to  any 
intermediate  position.  Pivoting  in  the  hub  of  the  segment  and  in 
its  axis  is  a  connecting  piece  commanded  by  a  worm  acting  on  the 
teeth  of  the  segment ;  a  handle  driving  the  worm  may  be  attached  to 
either  end  of  its  axis.  The  drill  machine  is  securely  fastened  to  this 
connecting  piece,  and  can  therefore  be  swung  in  a  plane  parallel  to 
the  segment  by  turning  the  handle  of  the  worm ;  if,  therefore,  the 
segment  is  attached  horizontally,  the  machine  will  act  as  a  coal 
cutter ;  if  vertically,  as  a  coal  shearer ;  if  at  an  angle,  the  machine 
will  cut  into  the  coal  at  that  angle.  It  will  thus  be  seen  that  the 
machine  can  make  a  cut  at  any  given  height  and  at  any  given 
angle.  It  can  also  be  used  as  an  ordinary  rock  drill,  and  this 
simply  by  not  turning  the  handle  commanding  the  worm.  The 
working  of  the  machine  is  controlled  by  one  man,  who  with  one  hand 
turning  the  handle  of  the  worm  produces  a  swinging  action  of  the 
drill,  while  w^ith  the  other  hand  he  regulates  the  advance  of  the  drill 
into  the  coal  by  turning,  as  in  any  ordinary  rock  drill.     When  the 
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drill  is  set  to  work,  the  cutting-bit  strikes  the  coal  at  the  rate  of 
about  350  blows  per  minute.  It  would  penetrate  very  fast  into  the 
coal  were  the  blows  directed  to  one  place  only;  but,  while  the 
machine  is  at  work,  the  cutting-bit  is  gradually  displaced  in  a  plane 
parallel  to  the  segment,  by  turning  the  handle  of  the  worm  ;  and  the 
cutting-bit  therefore  strikes  every  blow  in  close  proximity  to  the 
preceding  one.  It  desciibes  an  arc  having  for  its  centre  the  axis 
of  the  segment,  and  the  outcome  of  this  motion  is  an  even  cut. 
When  the  cutting-bit  has  reached  the  end  of  an  arc,  the  drill 
is  advanced  to  the  extent  it  has  been  catting  into  the  coal  by 
turning  the  feed  screw,  and  the  motion  given  to  the  worm  is  then 
reversed. 

Percussive  machines  are  best  suited  for  thick  seams  with  a  good 
roof,  as  they  require  a  clear  space  of  7  to  9  ft.  In  the  American 
mines  their  use  is  almost  exclusively  applied  to  narrow  work  in 
pillar  and  stall  workings,  but  they  could  also  be  usefully  applied  in 
conjunction  with  longwall  machines  in  cutting  the  narrow  work 
which  is  necessary  to  allow  most  disc  machines  to  start  work,  this 
narrow  work  having  at  present  to  be  done  by  hand  labour. 

Choice  of  Machine. — If  the  owners  or  managers  of  a  mine  deter- 
mine upon  adopting  mechanical  cutting,  the  first  question  which 
will  naturally  arise  is,  what  type  and  class  of  coal-cutting  machine 
should  be  used  for  the  work  to  be  done  ?  This  is  not  so  simple  a 
question  as  it  looks,  and  cannot  be  answered  right  off-hand.  The 
choice  of  machine  will  depend  upon  various  circiunstances,  such  as — 
(1)  The  mode  of  working  at  the  mine  ;  (2)  the  nature  of  the  holing; 
(3)  the  position  of  the  holing,  t.e,  whether  the  holing  is  to  be  done 
at  the  bottom,  centre,  or  top  of  the  seam ;  (4)  the  thickness  of  the 
seam  ;  (5)  the  nature  of  the  floor  and  roof. 

If  the  mode  of  working  is  longwall,  which  is  most  usual  in  this 
country  where  coal-cutting  is  done  by  machinery,  then  the  selection 
of  a  machine  must  be  made  from  the  disc,  bar,  or  chain  classes  of 
coal-cutters.  We  have  already  stated  that  by  far  the  larger  number 
of  machines  used  in  British  mines  are  of  the  disc  type,  and  under 
ordinary  conditions  this  seems  to  be  the  type  most  suitable,  but,  as 
already  pointed  out,  there  are  certain  kinds  of  seams  in  which  it 
would  be  possibly  better  to  adopt  the  bar  machine,  ejj.,  where  the  coal 
is  soft  and  friable,  or  where  the  holing  has  to  be  done  in  the  centre 
or  at  the  top  of  the  seam.  Hitherto  chain  machines  have  been  little 
used  in  this  country,  and  on  the  whole  they  do  not  seem  to  be  so 
well  suited  for  the  seams  to  be  cut  here  as  in  the  American  mines 
where  more  favourable  conditions  prevail  for  mechanical  cutting. 
As  a  rule  chain  machines  take  up  too  much  space  for  our  thin  seams, 
and  are  tqp  clumsy  to  handle.  Before  making  choice  of  a  particular 
machine,  the  whole  circumstances  imder  which  it  is  to  work  must  be 
carefully  studied,  and  a  suitable  type  of  machine  introduced  to  meet 
the  particular  requirements  at  the  colliery,  for  a  machine  which 
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gives  excellent  results  in  one  seam  might  prove  a  failure  in  another. 
The  question  of  the  best  machine  for  any  given  seam  is  often  only 
solved  by  actual  trial  and  experience,  as  different  seams  may  require 
different  types  of  machines  to  get  the  best  results  under  the  prevail- 
ing conditions.  Previous  to  selecting  a  given  type  or  class  of 
machine,  it  would  be  well  for  the  interested  parties  to  visit  a  number 
of  collieries  where  different  kinds  of  coalrcutters  are  in  use,  and 
to  compare  carefully  the  conditions  under  which  they  are  working 
with  the  conditions  in  the  seam  or  seams  which  it  is  proposed  to  c\it 
by  machinery. 

Gonditionfi  suitable  for  Goal-cutting  Machines. — As  we  have 
pointed  out,  the  question  of  whether  a  certain  seam  is  suitable  for 
being  cut  by  machinery  cannot  be  answered  off-hand.  Some  seams 
are  more  suitable  for  cutting  by  machines  than  others,  while  others 
may  not  be  suitable  at  all  to  work  with  coal-cutters,  for  it  must  be 
distinctly  understood,  as  things  at  present  stand  in  Great  Britain,  all 
seams  are  not  suitable  for  mechanical  coal-cutting.  Under  certain 
circumstances  coal  can  be  got  in  better  condition  and  at  a  cheaper 
rate  by  machinery  than  by  hand  labour.  These  circumstances  may 
be  stated  th\is  : — 

1.  When  the  coal  or  underclay  is  of  a  hard  nature  and  not  easily  holed  by 

hand  labour. 

2.  When  the  seam  is  under  8  ft.  6  in.  in  thickness. 

3.  When  there  is  a  good  roof  and  floor,  the  latter  being  fairly  level. 

4.  When  the  wages  of  miners  are  high. 

While  we  have  stated  that  seams  under  3  ft.  6  in.  may  be  worked 
more  profitably  by  machines  than  by  hand  labour,  we  would  not  say 
that  seams  of  greater  thickness  cannot  be  worked  to  advantage  with 
coal-cutters,  for  as  a  matter  of  fact  seams  thicker  than  3^  ft.  are 
being  now  worked  at  less  cost  with  machines  than  by  hand 
labour.  What  we  do  state  is  that  coal-cutting  machines  can  be  used 
more  effectively  and  more  profitably  in  seams  under  3 J  ft.  thick  than 
in  those  of  greater  thickness.  Regarding  the  condition  of  the  roof 
and  floor,  there  can  be  no  doubt  that  machines  require  that  both 
should  be  fairly  good,  especially  the  roof,  for  with  a  bad  roof  a 
considerable  amount  of  extra  labour  and  expense  is  involved.  While, 
however,  a  good  roof  is  a  great  advantage,  it  does  not  follow  that 
with  a  bad  roof  it  is  impossible  to  cut  by  machines,  for  if  due  care  is 
taken  in  propping  and  strapping,  the  difficulties  of  a  bad  roof  may, 
in  a  large  measure,  be  overcome.  The  floor  should  be  fairly  even,  for 
it  is  not  an  easy  matter  to  get  the  machine  to  follow  the  inequalities 
which  are  present  in  some  seams.  Seams  that  are  much  cut  up  by 
hitches,  faults,  and  wants  are  not,  as  a  rule,  suitable  for  coal-cutting 
machines.  Then  as  to  the  inclination  of  the  seam,  there  can  be  no 
doul^;  that  the  best  results  are  attained  in  seams  that  are  level  or 
wi]^  ill  low  inclination,  but  if  the  workings  are  properly  laid  out  for 
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mechanical  cutting,  the  gradient  is  not  a  great  difficulty;  indeed, 
machines  will  be  found  at  work  cutting  in  seams  with  gradients  up 
to  1  in  4  or  1  in  3.  In  cutting  down  such  steep  gradients  the 
machine  will  require  to  be  controlled  by  a  back  balance  or  a  brake 
applied  to  the  wheels  of  the  machine. 

Timbering  at  the  Machine  Face. — Timbering  in  a  machine  face 
is,  in  most  cases,  simple  enough,  especially  when  the  roof  is  fairly 
good.  The  props  are  usually  set  up  in  rows,  parallel  to  the  roadway, 
at  regular  intervals  along  the  face,  a  space  of  3J  or  4  ft.  being  left 
between  the  front  row  and  the  coal  to  enable  the  machine  to 
pass  along.  If  the  roof  is  of  such  a  nature  that  it  would  be  dangerous 
to  leave  such  a  width  unsupported,  straps  or  planks  are  wedged  or 
notched  into  the  coal-face  at  one  end,  and  the  other  end  supported 
by  a  prop.  When  the  machine  passes  forward,  other  props  are  set 
up  to  the  end  of  the  strap  supported  by  the  coal.  Sometimes  light 
steel  bars  are  used  in  preference  to  the  wooden  straps. 

When  the  roof  is  bad  and  the  coal  cannot  be  relied  on  to  give  the 
necessary  support  to  the  end  of  the  cross-straps  resting  upon  it,  a 
longitudinal  bearer  set  underneath  and  at  right  angles  to  the  cross 
straps,  and  parallel  to  the  face,  will  require  to  be  used.  This 
longitudinal  bearer  may  be  of  planking,  or  it  may  be  a  light  steel 
channel  girder.  This  method  has  been  used  at  some  collieries  and 
found  to  answer  the  purpose  well.  The  girders  are  used  in  15  ft. 
lengths  and  weigh  25  lbs.  per  yard. 

Props  have  to  be  set  at  regular  intervals  to  these  longitudinal 
bearers  before  the  coal  is  cut,  and  as  the  machine  advances  they  are 
removed  one  by  one  and  re-set  behind  it.  By  adopting  this  system 
mechanical  cutting  can  be  carried  on  under  roofs  of  a  very  bad 
nature.  Chocks  are  also  used  iq  some  workings,  in  addition  to  the 
props,  for  supporting  the  roof. 

Labour  for  Ma(£dne  Gutting. — To  work  a  coal-cutter,  usually 
three  men  are  employed :  one,  a  principal  man,  to  drivejjie-iaftcluufi, 
shovel  the  small  coal  out  from  the  cu£tmg  wheel,  sprag  the  coal^^and 
4tftthe  rails  behind  and  pass  them  up  to  front  of  the  machine.  This 
man  ought  to  have  sufficient  mechanical  knowledge  to  enable  him  to 
do  any  small  repairs  in  the  event  of  a  stoppage  or  breakdown,  and  to 
get  a  man  of  this  description,  sufficient  inducement,  in  the  shape  of 
good  wages,  will  require  to  be  offered.  Other  two  men  are  employed 
in  front  of  the  machine,  laying  the  road,  putting  in  the  necessary 
struts,  attending  to  the  bridle  and  hauling  rope,  and  looking  after 
any  other  work  required  during  cutting.  If  the  roof  is  bad,  sometimes 
a  fourth  man  is  set  specially  apart  to  look  after  the  timbering  of 
the  face. 

Apart  from  the  machine,  another  set  of  men  are  employed  during 
the  daytime.  These  are  distributed  as  follows : — (a)  A  set  of  men 
for  taking  out  the  sprags,  bringing  down  the  coal,  and  backing  it 
out,  these  being  generally  called  hewers;   (b)  a  set  of  men  to  get 
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the  coal  out  to  the  road  head  (i.e.  where  the  tubs  are  not  taken 
along  the  face)  and  filling  it  into  the  tubs ;  (c)  a  set  of  drawers  who 
draw  the  tubs  out  to  horse  or  mechanical  haulage.  Where  the  tubs 
are  lifted  from  the  face  by  horse  haulage  this  last  set  of  men  will,  of 
course,  not  be  required.  It  will  also  be  found  advantageous  to  employ 
a  specially  appointed  man  to  supervise  and  be  responsible  for  the 
whole  of  the  work.  Regarding  the  payment  of  all  these  sets  of  men, 
machinemen  included,  it  will  be  found,  as  a  rule,  most  satisfactory 
to  pay  them  on  the  piecework  system,  i.e.  pay  them  a  tonnage  rate 
for  the  cutting  and  getting  of  the  coal.  In  some  collieries  the  whole 
of  the  work  is  done  by  contract,  but  in  most  of  the  districts  the 
miners'  Unions  are  averse  to  this  system,  and  give  much  trouble 
when  it  is  attempted.  It  need  hardly  be  said  that  the  best  class  of 
men  available  should  be  employed  for  machine  cutting,  and  especially 
for  doing  the  actual  cutting. 

Motive  Power  for  Machines. — The  motive  power  employed  for 
driving  machines  may  be  either  compressegL.  ^ir  or^£lectrigit_y.  Up 
till  the  present  time  by  far  the  larger  dumber  of  machines  have  been 
driven  by  compressed  air ;  but  where  new  installations  of  coal- cutting 
plant  are  being  laid  down,  electricity  is  being  largely  employed  as 
the  motive  power.  Each  of  the  systems  have  their  advantages  and 
disadvantages. 

Mr  Garforth  *  states  that  "after  twenty-eight  years'  experience  with 
compressed  air  motors  in  underground  work,  it  is  the  only  power 
that  can  be  safely  used  in  certain  deep  gaseous  muies,  where  the 
natural  difl&culties  are  quite  suflBcient  without  the  introduction  of 
artificial  dangers.  On  the  other  hand,  there  are  many  mines  which 
can  be  worked  safely,  and  with  advantage,  by  electricity."  There 
can  be  no  doubt  that  many  mining  engineers  and  colliery  managers 
are  averse  to  the  use  of  electrical  planj  i»-4ieiT  mines,  but  we  think 
the  dangers  connecte<!Mriflithe  employment  oi  electricity  under  such 
circumstances  have  been  greatly  exaggerated.  Even  in  what  are 
termed  fiery  mines  it  is  seldom  that  an  explosive  atmosphere  exists 
at  the  coal  face  where  the  machines  arc  at  work,  and  where  sparking 
"wouTdlBe  HketjTto  take  place.  With  the  newer  types  of  enclosed  and 
gas-tight  motors  sparking  is  reduced  to  a  minimum,  and  seldom 
occurs.  It  has,  however,  still  to  be  proved  whether  electricity  is 
more  economical  than  compressed  air  as  a  motive  power  for  coal- 
cutting  machinery,  but  wherever  electricity  has  been  used  the 
consensus  of  opinion  is,  so  far,  in  its  favour^  A  very  large  number 
of  our  mines  are  non-fiery,  and  Irir^Eese  there  is  no  reason  why  it 
should  not  be  used  more  extensively.  With  electrical  coal-cutters, 
however,  it  requires  more  highly-tiained  men  to^ogerate  the  machines 
than  when  they  are  driven  by  compressed  air. 

One  great  objection  to  air-driven  machines  is  the  amount  of  noise 
made  by  the  exhaust  and  the  clouds  of  dust  which  it  raises  in  dry  and 

^  Trans~Lisl.~ittil.'I^ngs.^(it,  xxiiL  p.  338. 
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dusty  mines.  This  is  due  to  the  fact  that  with  some  of  the  machines, 
such  as  the  Gillott,  and  others,  the  exhaust  blows  directly  on  the  floor. 
The  noise  and  dust  can  be  overcome  to  a  certain  extent  in  such  cases 
by  fixing  a  baffle  plate  under  the  exhaust.  Compressed  air  has  the 
advantage  of  being  used  with^geffeqt  safety,  and  any  disarrangement 
can  be^  easily-xegaired.  On  the  otSerTiand,  the  higher  efficiency, 
lowermost  for  extensioiis,  and  greater  ease  with  which  extensions 
can  be  made  with  electricity,  render  it  particularly  suitable  for 
coal-cutting  machinery,  and  there  can  be  little  doubt  but  that, 
in  the  near  future,  it  will  be  more  extensively  employed  for 
such  work,  and  will  gradually  displace  compressed  air  as  a  motive 
power. 

Cost  of  Goal-cutting  Installatioiifi. — The  cost  of  coal-cutting 
machines  varies  according  to  the  type  and  motive  power  used.  Disc 
machines  driven  by  compressed  air  cost  from  J&250  to  J&300  each ; 
machines  driven  by  electricity  cost  from  J&300  to  J&4r50  each.  The 
cost  of  the  generating  plant  on  the  surface  will  vary  according  to  the 
number  of  machines  which  it  is  intended  to  operate ;  the  cost  of  a 
generator  for  a  single  machine  will  be  greater  in  proportion  than  if 
a  number  of  machines  are  at  work.  When  more  than  three  machines 
are  at  work  the  cost  of  the  generating  plant  may  be  set  down 
approximately  at  J&IOOO  per  machine  if  compressed  air  is  the  motive 
power  used ;  electrical  plant  will  average  somewhat  more  than  this, 
probably  J&llOO  to  J&1200  per  machine.  In  these  estimates  the  cost 
of  piping  or  cables  is  not  taken  into  account. 


CHAPTER  Vn. 

TRANSMISSION  OF  POWER. 

Location  of  Machinery. — The  power  employed  for  driving  machinery 
underground  is  very  rarely  generated  in  the  workings,  except  in  the 
case  of  steam,  when  boilers  are  sometimes  placed  underground,  a 
method  which  ought  not  to  be  employed. 

The  power  plant  is,  as  a  rule,  placed  at  the  surface,  and  the  power 
transmitted  underground :  (1)  By  rods  of  wood  or  iron ;  (2)  by  wire 
ropes ;  (3)  by  steam ;  (4)  by  compressed  air ;  (5)  by  hydraulic  or 
water  pressure ;  (6)  by  electricity. 

Rods  of  wood  or  iron  are  chiefly  employed  in  the  case  of  pumping 
machinery,  and  ropes  in  the  case  of  hauling  machinery  and  dook 
pumps  placed  a  considerable  distance  from  the  pit  bottom.  As  a 
general  rule  it  is  not  economical  to  work  pumps  by  wire  ropes, 
especially  when  the  power  is  taken  off  the  haulage  ropes,  unless  the 
pump  to  be  so  actuated  can  raise  all  the  water  accumulated  during 
the  time  that  the  hauling  ropes  are  at  work.  It  would  be  a  great 
waste  of  power,  and  cause  much  wear  and  tear,  to  keep  a  long 
haulage  rope  in  operation  merely  to  work,  perhaps,  a  single  pump. 
There  are,  however,  cases  where  pumps  can  be  worked  economically 
by  wire  ropes,  especially  if  they  are  connected  with  the  pump-rods 
in  the  shaft,  or  are  otherwise  apart  from  the  haulage  arrangements. 

The  transmission  of  power  by  rods  is  described  in  the  chapter  on 
pumping,  and  need  not  be  referred  to  here,  while  the  transmission 
of  power  by  ropes  is  fully  described  under  the  heading  Haulage. 

Steam  is  used  direct  at  a  great  many  collieries  for  underground 
work,  such  as  for  driving  pumps,  haulage  engines,  etc.,  and  if  the 
distance  is  not  too  great,  it  is  probably  one  of  the  cheapest  and 
easiest  methods  of  transmitting  power.  The  maximum  distance 
to  which  steam  can  be  carried  underground  and  applied  with 
economy  would  seem  to  be  about  one  mile,  and  the  total  loss  of 
power  at  this  distance  may  not  exceed  20  to  25  per  cent,  if  the  pipes 
are  carefully  covered  by  a  good  non-conducting  material,  and  the 
plant  operated  continuously  so  as  to  keep  the  pipes  full  of  steam. 

At  Niddrie  Colliery,  near  Edinburgh,  steam  is  carried  down  a 
steep  gradient,  the  inclination  varying  from  55*  to  75',  for  a  distance 
of  3000  ft.  to  work  winding  and  hauling  engines  and  pumps  placed 
at  various  parts  of  the  workings.     With  a  steam  pressure  at  the 
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surface  of  45  lbs.  per  sq.  in.,  the  gauges  in  the  mine  recorded  from 
41  to  42  lbs,  per  sq.  in.,  or  a  loss  of  only  3  to  4  lbs.,  which  is  an 
exceedingly  small  percentage  of  loss  when  the  distance  the  steam 
is  carried  is  taken  into  account.  But  while  the  loss  in  pressure  was 
small,  the  loss  in  other  ways  was  shown  to  be  fairly  large,  owing, 
no  doubt,  to  the  intermittent  working  of  the  haulage  and  winding 
engines.  There  are  twelve  boilers,  one  or  two  of  which  are,  however, 
always  off  for  repairs,  cleaning,  etc.  Wlien  the  whole  plant  is  in 
operation,  3400  gallons  of  water  are  evaporated  per  hour.  When 
all  the  machinery  is  idle,  but  steam  is  on,  and  cylindera,  steam  pipes 
and  relief-valves  open,  it  requires  1028  gallons  of  water  per  hour 
to  maintain  the  pressure  and  keep  the  water  in  the  boilers  up  to 
a  fixed  point.  This  shows  a  dead  loss  of  30  per  cent.,  most  of  which 
takes  place  in  the  underground  piping  and  machinery.'^ 

The  greatest  source  of  loss  in  conveying  steam  to  underground 
workings  is  due  to  condensation,  and  to  minimise  this,  high-pressure 
steam  should  be  used  in  supply  pipes  of  small  bore.  At  Bockwa 
Colliery,  Germany,  the  pumping  engine  is  placed  at  a  depth  of  590 
feet  from  the  surface,  and  is  designed  to  raise  3300  gallons  per 
minute.  The  steam  pressure  generated  at  the  boilers  on  the  surface 
is  150  lbs.  per  sq.  in.,  the  steam  being  conveyed  to  the  engines 
in  two  columns  of  wrought-iron  pipes  each  4  in.  diameter.  These 
pipes  are  jacketed  with  a  preparation  composed  of  cork,  bound  round 
with  zinc  wire,  and  coated  with  gypsum,  jute,  and  asphalt,  and 
an  outside  sheathing  of  canvas,  painted  with  Stockholm  tar.  In 
this  way  the  loss  by  condensation  is  reduced  to  a  minimum. 

The  steam  pipes  should  be  carefully  fixed  in  the  shaft  and  properly 
guided,  the  pipes  being  led  between  two  rollers,  which  are  more 
suitable  than  rigid  guides.  Some  arrangement  should  also  be  made 
to  cut  off  steam  by  an  automatic  runaway  valve,  in  the  event  of  a 
pipe  bursting,  as  serious  danger  would  result  from  the  escaping  of 
a  large  volume  of  steam  into  the  workings  before  the  supply  could 
be  shut  off  from  the  boilers  at  the  surface.  Great  care  should  also 
be  taken  in  making  the  coimections,  as  leaking  joints  are  a  source 
of  much  loss  of  power  and  often  of  danger.  Joints  made  with 
asbestos  rings  are  preferable  to  those  made  with  india-rubber. 

The  disadvantages  attending  the  employment  of  steam  under- 
groimd  are — 

Loss  of  pressure  due  to  condensation  and  leaking  joints. 

The  danger  of  the  sudden  bursting  of  a  pipe  in  the  workings,  or  the  blow- 
ing out  of  a  joint. 

The  discomfort  from  the  heat  due  to  the  great  increase  in  temperature  of 
the  air  in  the  mine,  particularly  in  narrow,  confined  roads. 

The  bad  efTccts  of  the  moisture,  clue  to  the  steam,  on  the  roof  and  timber. 

The  difficulty  of  dealing  with  the  exhaust  steam,  particularly  if  the  engine 
is  at  a  long  distance  from  the  shaft. 

The  danger  of  fire  when  pipes  are  led  in  confined  places. 

*  Trans,  I,  M.  E.,  vol.  xv.  p.  264. 
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Compressed  Air. — As  a  medium  for  the  transmission  of  power 
to  machinery  in  undergromid  workings,  compressed  air  is  very 
suitable.  The  ease  with  which  it  can  be  conveyed  to  distant  parte 
of  the  workings,  the  absence  of  heat  in  the  pipes,  and  the  beneficial 
effect  it  exerte  on  the  ventilation,  make  it  invaluable  for  certain 
classes  of  work,  such  as  driving  coal-cutting  machines,  rock  drills, 
hauling  engines,  and  pumps ;  indeed,  for  rock  drills  no  other  motive 
power  presente  anything  like  the  same  advantages.  Owing,  prob- 
ably, to  the  large  first  cost  for  compressing  machinery,  and  the 
low  efficiency  obtainable — 25  to  40  per  cent. — it  has  never  been 
used  to  the  extent  it  might  otherwise  have  been  had  the  efficiency 
been  higher,  because  once  the  plant  is  put  down,  the  working 
expenses  are  not  excessive  compared  with  an  ordinary  steam 
engine. 

The  cost  of  a  compressed  air  plant,  with  coupled  horizontal  steam 
cylinders  22  in.  diameter  and  3  ft.  stroke,  and  air  cylinders  24  in. 
diameter  and  3  ft.  stroke,  with  steam  boilers,  air-receiver,  main 
pipes,  etc.,  complete,  should  not  be  more  than  £3000  or  £3500, 
which  would  include  ite  erection  and  preparing  foundations. 

Air  compressors  are  simply  force  pumps  in  which  the  air  is  drawn 
into  the  air  cylinder  by  an  inlet  valve,  and  is  compressed  and  forced 
through  an  outlet  valve  into  an  air  receiver,  from  which  the  supply 
is  drawn  for  the  underground  workings.  The  usual  arrangement 
is  to  have  a  pair  of  steam  cylinders  placed  horizontally  and  coupled 
direct,  with  a  fly-wheel  in  the  centre.  The  piston-rods  are  continued 
through  the  cylinder,  and  connected  to  two  air  cylinders  also  placed 
horizontally  and  in  a  direct  line  with  the  steam  cylinders. 

Compressors  are  usually  of  three  classes  :  ( 1 )  Dry  compressors ; 
(2)  wet  compressors ;  (3)  injection  or  spray  compressors. 

Dry  Compressors, — ^These  are  extensively  used  for  colliery  work, 
and  give  fairly  good  resulte  if  fitted  with  a  water  jacket  and  if  the 
air  pressure  is  not  too  high.  A  dry  air  compressor  in  ite  simplest 
form  consiste  of  an  ordinary  cylinder  provided  with  a  tight-fitting 
piston  and  suitable  valves  for  admitting  and  delivering  the  air. 

During  the  out-stroke  of  the  piston,  air  rushes  in  and  fills  the 
cylinder  through  the  valves ;  as  soon  as  the  piston  commences  the 
return  stroke,  the  valves  close  and  the  air  in  the  cylinder  is  com- 
pressed imtil  it  lifte  the  delivery  valves,  when  it  is  forced  out  of  the 
cylinder  into  the  receiver.  It  will  be  seen  from  this  that  the  action 
is  exactly  the  same  as  in  an  ordinary  pump.  In  Fowler's  dry  com- 
pressor air  enters  through  the  inlet  valves  as  the  piston  moves 
forward ;  on  the  return  stroke  the  air  is  delivered  through  the 
outlet  valves,  the  cylinder  being  water-jacketed  to  keep  it  cool. 

Another  dry  compressor  of  a  quite  different  design  is  the  Ingersoll- 
Sergeant  compressor.  The  air  does  not  enter  the  cylinder  in  the 
ordinary  way,  but  first  passes  through  a  hollow  tail-rod,  the  inlet 
valves  being  placed  inside  the  piston.     The  outlet  valves  are  placed 
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at  the  ends  of. the   cylinder,  while  a  water  jacket  surrounds   the 
cylinder,  being  kept  cool  by  a  continuous  flow  of  cold  water. 
The  advantages  claimed  for  this  compressor  are  : — 

The  air  may  be  taken  from  whatever  point  is  most  favourable  by  dryness, 

reduced  temperature,  and  freedom  from  dust 
The  admission  of  air  being  through  a  single  tube,  creates  a  constant  and 

uniform  draught  in  one  direction  only,  thus  filling  the  cylinder  at  each 

stroke  with  air  at  atmospheric  pressure. 
The  construction  of  the  valves  admits  of  a  large  area  of  inlet  with  but  a 

small  throw  of  valve,  allowing  the  compressor  to  be  run  at  a  high  sfieed. 
There  being  no  inlet  valves  in  the  ends  of  the  air  cylinders,  the  space 

otherwise  occupied  by  these  valves  is  filled  with    cold    water,   thus 

presenting  a  cooling  surface  to  the  compressed  air  near  the  end  of  the 

stroke  when  the  air  is  hottest. 

Wet  Compressors, — Wet  compressors  are  used  to  a  considerable 
extent,  but  in  this  type  a  large  volume  of  water  has  to  be  put  in 
motion  at  each  stroke.  This  absorbs  a  large  amount  of  power 
without  any  recompense,  and  the  engines  must  also  move  at  a  very 
slow  speed,  hence  large  engines  involving  incresised  expenditure 
must  be  used.  Moreover,  the  column  of  water  in  the  cylinder,  by 
repeatedly  moving  backwards  and  forwards,  soon  gets  hot,  and  loses 
the  advantages  which  it  is  meant  to  confer,  namely,  to  cool  the 
air  in  the  cylinder  during  compression.  Where  large  engines  are 
available,  and  only  require  to  move  at  a  slow  speed — not  more  than 
40  or  50  ft.  per  minute — wet  compressors  may  be  used  sometimes 
with  advantage. 

Injection  or  Spray  Compressors, — Instead  of  using  a  solid  column 
of  water  inside  the  cylinder  to  absorb  the  heat  from  the  air,  a  supply 
of  water  in  the  form  of  fine  spray  is  injected  into  the  cylinder.  This 
cools  the  air,  which  is  now  carried  forward  into  the  receiver.  In  the 
Dubois-Fran9ois  compressor  (fig.  104)  the  spray  and  wet  compressor 
are  combined.  It  consists  of  an  ordinary  pump  having  large 
chambers  a  a  at  each  end  of  the  cylinder.  The  air  is  admitted 
through  the  inlet  valves  c  c,  and  delivered  through  the  outlet  valves 
e  e.  A  fine  spray  of  water  is  injected  into  the  cylinder  through  the 
small  pipe  d,  and  coming  in  contact  with  the  air,  cools  it.  This  type 
of  compressor,  like  the  ordinary  wet  machine,  requires  to  be  run  at  a 
low  speed,  less  than  150  ft.  per  minute,  which  means  that  the  com- 
pressor must  be  large  for  a  given  output  of  air.  Dry  compressors 
are  usually  run  at  a  speed  of  350  to  500  ft.  per  minute,  hence  the 
preference  shown  for  this  type  of  machine.  The  introduction  of 
water  into  the  cylinder  in  any  form  is  a  very  defective  method  of 
cooling  the  air,  and  often  does  more  harm  than  good,  as  it  may 
corrode  the  walls  of  the  cylinder. 

The  best  method  of  cooling  the  air  is  that  of  stage  compression 
with  intermediate  cooling.  Compressors  made  on  this  principle  are 
usually  either  single-  or  double-stage  compressors;  double-stage 
compressors  are,  however,  only  used  where  great  economy  is  required. 
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and  where  the  power  generated  is  above  150  horae-gower.  In  thia 
sjstem  the  air  U  first  subjected  to  low  pressure  in  one  cjhnder, 
passed  through  an  intermediate  cooler,  and  thence  to  a  second 
cylinder,  where  it  is  then  conipressed  to  a  higher  degree.  The 
initial  cost  of  either  double-stage  or  triple-stage  compressors  is  very 


Flo.  lOi.— S|jr»y  compressor. 

much  greater  than  for  ordinary  compression  machinery,  and  stage 
compression  is  only  suited  for  the  production  of  pressures  above 
60  lbs.  per  aq.  in.  In  such  circumstances  a  great  saving  may  be 
effected,  as  20  to  25  per  cent,  higlier  efficiency  will  he  obtained  than 
by  ordinary  methods  of  compressing  air.  In  aij  installation  at  Paris, 
Professor  Itiedler  combined  stage  compressing  with  spray  injectors, 
which  resulted  in  saving  two-thirds  to   three-fourths   of   the   work 


Wio.  106.— Unshrocnn  nln. 


expended  in  uselessly  heating  the  air,  the  loss  due  to  heating  only 
amounting  to  12  per  cent.  The  liicdicr  two-stage  compressor  in 
this  case  gave  a  useful  effect  of  77  per  cent.,  allowing  0'85  aa 
the  mechanical  efficiency.  With  stage  compression  the  engines 
can  be  worked  at  a  much  higher  speed,  as  they  are  better 
balanced. 
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Valves  for  Gompressors. — A  great  many  different  types  of  valves 
are  used  in  air  cylinders,  each  claiming  some  merits  of  its  own. 

In  the  earlier  types  of  compressors  ordinary  leather  flap  valves 
were  used,  but  these  did  not  give  the  best  results,  owing  to  the  large 
amount  of  leakage  they  permitted.  A  common  type  of  valve  that  is 
still  used  to  a  large  extent  is  the  mushroom  valve,  fitted  to  a  spindle 
and  kept  up  to  its  seat  by  means  of  springs.  Fig.  105  shows  this 
type.  These  valves  are  opened  automatically  by  the  pressure  of  the 
air  against  the  action  of  the  springs,  which  must  be  of  sufficient 
strength  to  close  them  against  currents  of  air  impinging  on  them. 
They  are  often  difficult  to  keep  in  proper  adjustment.  If  they  are 
heavy,  the  springs  must  help  to  overcome  their  inertia;  the  latter 
are  apt  to  get  slack  themselves  through  wear,  and  the  valves  then 
oscillate  violently  when  they  are  open,  which  not  only  restricts  the 
area  of  opening,  but  destroys  them  speedily  together  with  the  seats. 
Again,  if  the  springs  are  too  tight  undue  resistance  is  offered  to  the 
passage  of  the  air  when  passing  into  the  compressor,  and  this  resist- 
ance is,  of  course,  a  dead  loss  of  energy.  This  loss  can  be  overcome 
to  a  certain  extent  by  using  valves  of  large  area  in  order  to  keep  the 
velocity  of  the  air,  while  passing  through  them,  as  low  as  possible. 

liiedler  Valve. — In  this  valve  no  springs  are  used,  the  valves  being 
operated  by  mechanical  methods,  and  driven  off  the  steam  cylinder. 
A  cam  is  fastened  to  the  wrist-plate  of  the  steam  cylinder,  and  moves 
the  rod  attached  to  the  air- valve  gear  by  means  of  two  steel  rollers. 
Like  the  valves  in  the  Ilicdler  pump,  these  air  valves  are  only  closed 
mechanically.  By  using  these  valves  the  compressors  may  be  driven 
at  a  very  high  speed,  without  injury  to  the  valves,  and  no  violent 
oscillation  takes  place,  as  in  the  mushroom  type. 

Losses  in  Compressing  Air. — As  already  stated,  only  a  very  low 
efficiency  is  obtained  by  air-compressing  machinery,  and  the  various 
losses  may  be  accounted  for  as  follows : — 

Heating  of  air  during  compression  and  cooling  of  compressor. 

Loss  due  to  air  in  clearance  space  in  the  cylinder. 

Leakage  at  valves  and  piston. 

Resistance  of  air  in  glassing  through  inlet  and  delivery  valves. 

Loss  due  to  friction  m  conveying  the  air  from  the  receiver  in  pipes  to  the 

point  of  application  underground,  and  also  the   friction    of  the   air 

engine  itself. 

The  two  largest  sources  of  loss  are  those  due  to  heat  and  friction. 
The  first  often  absorbs  about  25  per  cent,  of  the  fuel  expended,  and 
the  second  about  20  per  cent.,  the  other  losses  being  comparatively 
trifling  compared  to  these.  The  loss  due  to  heating  will  be  readily 
understood  from  the  fact  that  air,  like  any  other  gas,  will  expand 
when  heated  according  to  Charles's  law ;  so  that  with  the  increase  of 
volume  due  to  the  rise  in  temperature  there  will  also  be  increased 
resistance  to  compression.  To  overcome  heating  during  compression 
^he  following  remedies,  among  others,  have  been  suggested  : — 
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To  place  the  air  and  steam  cylinders  aa  widely  apart  as  .possible,  so  as  to 
prevent  the  compressor  being  heated  by  the  steam  cylinder. 

To  place  the  compressing  cylinders  outside  the  engine- house,  and  simply 
protect  them  by  a  shed. 

The  air,  before  being  admitted  to  compressor,  should  be  reduced  to  zero 
by  some  freezing  mixture. 

Loss  by  Clearance, — In  all  cylinders  a  certain  space  must  be  left 
at  each  end  of  the  stroke  between  the  piston  and  the  end  of  the 
cylinder,  and  the  greater  this  clearance  the  larger  will  be  the  loss  in 
efficiency.  When  the  piston  reaches  the  end  of  its  stroke,  the  air 
which  is  entrapped  in  this  space  is  compressed  to  a  very  high  degree. 
As  soon  as  the  piston  commences  the  return  stroke,  this  air  will 
begin  to  expand,  but  the  inlet  valves  will  remain  closed  until  its 
pressure  has  become  reduced  below  that  of  the  atmosphere,  i.e.  the 
pressure  of  the  air  in  the  cylinder  must  be  less  than  the  pressure  of 
the  air  outside  of  it  before  the  suction  valves  will  open. 

To  reduce  loss  from  this  source  the  clearance  space  should  be  as 
small  as  possible,  or  mechanical  contrivances  must  be  adopted. 
Thus  a  'trick'  passage  may  be  made  in  the  slide  valve  of  a  slide 
valve  compressor,  so  that  the  air  imprisoned  in  front  of  the  piston 
can  escape  to  the  back  of  the  piston  and  expand  freely.  The  same 
object  is  obtained  by  having  a  pass-by  groove  at  each  end  of  the 
cylinder,  so  arranged  that  when  the  piston  reaches  the  end  of  its 
stroke  the  entrapped  air  will  pass  to  the  other  side  of  the  piston, 
and  allow  the  suction  valves  to  open  as  soon  as  the  piston  begins  the 
return  stroke.  In  this  way  the  loss  due  to  clearance  is  reduced  to  a 
minimum,  and  no  danger  is  incurred  of  damaging  the  cylinder 
covers. 

All  leaks  in  compressors,  receivers,  or  pipes  should,  for  the  sake  of 
economy,  be  strictly  guarded  against.  Air  leaks  cause  greater  losses 
than  steam  leakage,  and  therefore  no  leakage  should  be  allowed 
unless  it  is  required  to  ventilate  some  place  in  the  workings.  Air  at  a 
pressure  of  60  lbs.  per  sq.  in.  will  have  a  velocity  of  500  ft.  per  second. 
The  great  waste  of  power  through  leakage  is  therefore  obvious. 

All  irregularities  or  quick  bends  should  also  be  avoided  as  much  as 
possible,  as  these  materially  increase  the  friction.  One  great  source 
of  loss  from  friction  is  that  due  to  the  machinery.  As  already 
pointed  out,  it  often  amounts  to  25  per  cent,  or  30  per  cent.,  but  in 
well-designed  plant  it  may  be  no  greater  than  12  or  15  per  cent. 
The  only  way  to  reduce  this  loss  is  to  secure  accurate  workmanship, 
well  designed  machinery,  and  efficient  methods  of  lubrication. 

High  efficiency  is  often  not  all  that  is  desirable,  for  if  complex 
machinery  is  introduced,  and  skilled  attention  required,  the  benefit 
arising  from  increased  efficiency  may  be  more  than  counterbalanced 
by  increased  costs.  What  is  wanted  for  mining  purposes  is  a  com- 
pression plant,  simple  in  construction,  with  a  low  first  cost,  not 
easily  put  out  of  order,  and  yielding  fairly  efficient  results. 
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Motors, — Other  sources  of  loss  are  due  to  friction  and  leakage  at 
the  motor.  The  formation  of  ice  in  the  latter  and  in  the  exhaust 
pipes  is  a  difficulty  nearly  always  encountered  in  using  compressed 
air.  The  air,  which  always  contains  a  certain  amount  of  moisture 
when  it  reaches  the  motor,  is  at  about  the  same  temperature  as  the 
atmosphere,  and  when  it  enters,  and  is  allowed  to  expand,  the 
temperature  will  fall  to  such  an  extent  that  the  moisture  will 
immediately  freeze.  To  obviate  this,  the  exhaust  passages  should  be 
made  as  large  and  straight  as  possible.  Reheating  the  air  would  also 
overcome  this  difficulty,  but  this  is  not  practicable  iniderground. 

Losses  due  to  Leakage  at  Valves  and  Piston. — Losses  of  compressed 
air  through  valves  and  piston  are  often  obstinate,  owing  to  the 
difficulty  of  keeping  the  valves  in  proper  adjustment,  for,  as  already 
stated,  the  inlet  valves  may  be  set  too  tight  and  cause  undue  resist- 
ance to  the  air  entering  the  cylinder.  To  avoid  this,  larger  valves 
should  be  used.  If  they  are  badly  constructed,  the  pressure  of  the 
air  in  the  cylinder  is  often  9  or  10  lbs.  higher  than  the  pressure  in 
the  receiver,  and,  as  a  consequence,  extra  work  has  to  be  done  to 
deliver  the  air  against  this  increased  pressure. 

The  leakage  at  the  piston  in  air  cylinders  is  often  a  serious  loss. 
The  moisture  from  the  steam  in  a  steam  cylinder  helps  to  keep  joints 
tight,  but  with  dry  air  there  is  no  assistance  obtained  in  this  way. 
The  only  remedy  for  this  defect  is  to  provide  the  best  workmanship 
in  cylinders,  and  have  the  pistons  finished  to  fit  as  truly  as  possible. 

Loss  due  to  Friction  in  Pipes. — In  all  liquids  or  gases  delivered 
through  pipes,  there  is  a  certain  amount  of  friction  between  the 
fluids  and  the  walls  of  the  pipes.  The  loss  owing  to  this  friction  will 
vary  according  to  diameter  of  the  pipes  used,  the  pressure  in  them, 
irregularities,  and  the  number  of  bends  present,  etc. 

The  size  of  pipes  used  should  be  as  large  as  can  conveniently  be 
adopted,  as  this  will  tend  to  reduce  the  friction.  In  a  column  of 
pipes  1000  ft.  long  and  3  in.  diameter,  if  the  air  has  a  velocity  of 
386  cub.  ft.  per  minute,  and  a  pressure  of  60  lbs.  per  sq.  in.,  the 
loss  due  to  friction  would  be  3 J  lbs.  In  6-in.  diameter  pipes  of  the 
same  length  and  with  the  same  pressure,  the  loss  from  friction  would 
only  amount  to  about  ^  lb. 

The  advantages  of  compressed  air  may  be  briefly  stated  as  follows : — 

Compressed  air,   bcins  generated  at  the    surface,   is    under    the    direct 

superintendence  of  the  en^ineman. 
It  produces  no  increase  in  the  temperature  of  the  air  in  the  workings,  as 

is  the  case  when  steam  is  used. 
There  is  not  the  same  difficulty  of  dealing  with  the  exiiaust  as  there  is  with 

steam. 
The  exhaust  air  assists  in   the  ventilation,  and  can   oven   bo  used   for 

ventilating  in  cases  of  emergency. 
It  can  be  easily  applied  to  almost  every  kind  of  underground  machinery, 

such    as   rock   drills,    coal-cutting    machines,   pumping  and    hauling 

engines,  etc. 
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It  is  a  safe  motive  power,  and  can  be  conveniently  used  in  wet, 
dry,  or  fiery  mines. 

£lectricity.->-During  the  last  decade  a  great  increase  has  taken 
place  in  the  application  of  electricity  as  a  motive  power,  and  it  is 
growing  in  favour  for  certain  classes  of  work. 

The  principal  purposes  for  which  it  is  adopted,  and  in  which  it  has 
proved  successful,  are  haulage,  pumping,  and  lighting,  and  for  such 
work  it  undoubtedly  has  many  advantages  over  other  motive  agents, 
such  as  compressed  air  or  steam.     It  is  also  used  for  shot-firing. 

So  far  as  results  are  obtainable,  electricity  does  not  seem  to  be 
very  much  cheaper,  if,  indeed,  in  many  cases  as  cheap  as  steam  used 
direct.  It  must  also  be  borne  in  mind  that  there  are  certain  dangers 
connected  with  the  use  of  electricity  which  have  not  yet  been  over- 
come, and  which  still  prevent  its  extensive  use  in  a  large  number  of 
mines.  Electricity  is  capable  of  giving  rise  to  a  fire,  and  there  is 
always  the  danger  of  an  explosion  from  *  sparking  *  in  a  fiery  mine. 

There  are,  however,  a  large  number  of  mines  where  these  con- 
ditions do  not  exist  and  where  fire-damp  is  only  given  off  in  small 
quantities  which  do  not  constitute  any  danger  j  in  such  mines, 
electricity  may  be  used  with  the  greatest  advantage,  economically 
and  otherwise.  The  danger  of  explosion  in  fiery  mines  arises  in  two 
ways,  viz.,  by  *  sparking '  at  the  motor,  and  by  what  is  called  *  short- 
circuiting'  of  the  cables;  that  is,  by  faulty  insulation,  or  by  the 
breakage  of  the  cable  by  a  fall  from  the  roof  or  some  other  cause. 

Electric  Mains  or  Cables, — To  conduct  an  electric  current  from 
the  place  of  generation  (the  dynamo)  to  where  it  is  to  be  used  (the 
motor),  cables,  or  conductors,  are  required.  Generally  two,  or  for 
three-phase  current,  three  such  cables  are  required  for  a  circuit,  one 
to  lead  the  current  in  and  the  other  to  lead  it  out,  thus  resembling 
a  hydraulic  motor  with  its  supply  and  delivery  pipes.  Cables  are 
usually  of  three  types,  viz.,  single-core  cables ;  concentric  or  double- 
core  cables ;  and  three  core  cables.  Opinions  differ  as  to  which  is 
the  best  type  for  use  underground. 

Single-core  cables  have  a  single  conductor  placed  in  each.  With 
this  type  two  cables  are  required  for  tlie  circuit.  This  class  of  cable 
is  very  largely  used  for  colliery  work,  and  is  well  suited  to  the  rough 
wear  and  tear  of  underground  work.  They  are  eaSy  to  repair  and 
joint,  and  are  not  so  apt  to  *  short-circuit '  as  the  other  types,  as  they 
can  be  kept  as  far  apart  as  the  exigencies  of  the  underground  roads 
will  allow.  Concentric  cables  are  those  in  which  the  intake  and 
return  conductors  are  both  encased  in  a  single  cable,  the  conductors 
being  separated  from  each  other  by  insulating  material.  When  the 
current  has  te  be  carried  a  long  distance  or  down  deep  shafts,  it  is 
an  advantage  to  use  concentric  cables,  as  it  reduces  the  cost  and 
there  is  less  loss  of  potential.  Concentric  cables  are,  however,  more 
troublesome  to  take  branches  and  joints  from,  and  more  diflScult  to 
repair  when  damaged. 
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Three-core  cables,  as  the  name  implies,  are  those  in  which  three 
conductors  are  carried  under  the  same  covering.  They  are  used 
for  three-phase  electric  current,  and,  like  concentric  cables,  are 
advantageous  when  the  current  has  to  be  carried  long  distances,  as 
they  reduce  loss  of  potential  and  save  the  carrying  of  three  single 
parallel  cables.  All  cables  used  underground  should  be  well  in- 
sulated to  prevent  risk  of  accident  from  shock  by  contact  with  *  live ' 
wires.  Bare  or  uninsulated  cables  should  only  be  used  when  there 
is  no  such  risk  of  contact. 

Taped  cables  usually  consist  of  a  thin  tape  covering  of  either 
braided  tape,  steel  tape,  or  wire  tape.  These  cables  should  not  be 
used  for  colliery  work,  unless  for  low  voltages  and  where  the  work- 
ings are  dry,  as  the  taping  is  sure  to  get  broken  sooner  or  later  and 
damage  may  be  done. 

Armoureil  Gafdes, — Cables  for  colliery  work  are  frequently  covered 
by  armouring  to  protect  them  against  mechanical  injury  from  falls 
of  roof,  sides,  etc.     The  armouring  may  consist  of — 

A  sinele  layer  of  galvanised  iron  wires,  protected  bv  jute  compound. 
A  double  layer  as  above,  covered  by  jute  compound. 
A  double  layer  of  steel  tape  coverea  by  jute  compound. 

It  is  recommended  that  the  steel  tape  armouring  should  only  be 
used  for  large  cables,  say  over  \^  size. 

Fixing  Uiulenjround  Cables.  — Where  cables  have  to  be  taken  along 
main  haulage  roads  or  fixed  in  roadways  where  there  is  plenty  of 
room,  they  may  be  attached  to  props  or  side  timbers  and  supported 
so  that  they  can  be  readily  taken  down  for  inspection  or  repair.  A 
convenient  and  easy  method  of  fixing  cables  is  by  leather  strips,  1  in. 
to  1|  in.  wide,  secured  by  flat-headed  nails  to  the  timbers  every  ten 
yards  or  so.  In  place  of  the  leather  strips  some  use  pieces  of  tarred 
twine  nailed  to  the  props,  and  of  sufficient  strength  to  carry  the 
cables.  Both  methods  are  quite  efficient  if  well  looked  after,  and  if 
a  fall  of  roof  does  take  place  the  cables  and  fastening  are  carried  to 
the  ground  with  the  debris  with  less  injury  than  if  the  fastenings 
were  stronger  and  of  a  more  permanent  character.  Sometimes  the 
cables  are  laid  in  wooden  boxing,  the  boxing  being  afterwards  rim  in 
full  with  pitch,  which  has  the  merit  of  keeping  out  damp  and  prevent- 
ing mechanical  injury  to  the  cable.  Wherever  possible,  cables  should 
be  taken  along  the  intake  airways,  for  if  taken  along  the  return  they 
are  more  liable  to  wear  and  to  damage  from  damp  air  and  heat. 

Shaft  Cables. — Wherever  cables  have  to  be  hung  in  the  shaft,  they 
should  be  highly  insulated,  preferably  with  vulcanised  bitumen,  and 
Mr  Momitain  recommends  that  they  be  further  protected  by  wire 
armouring  consisting  of  galvanised  wires  spirally  wound  round  the 
bitumen  insulation,  the  cables  being  afterwards  heavily  served  with 
a  good  coating  of  jute  compound.  The  armouring  protects  the  cable 
from  mechanical  injury  when  fixed,  and  also   enables  them   to  b^ 
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lowered  down  the  shaft  without  risk  of  damage  to  the  insulation, 
because  the  copper  conductors,  especially  in  large  cables,  would  be 
liable  to  stretch  by  reason  of  their  own  weight  and  so  damage  the 
bitumen  insulation.  In  securing  the  cables  in  the  shaft  a  variety  of 
ways  may  be  adopted.  A  common  method  is  to  fix  them  by  wood 
cleats  to  the  shaft  sides  or  to  buntons. 

Jv fiction  Bfjxes. — The  cables  for  undergroinSd  roads  should  be 
coupled  together  by  junction  boxes,  and  such  boxes  should  be  used 
at  all  joints  and  branches.  These  junction  boxes  should  also  be  used 
for  testing  purposes. 

Voltages. — The  pressure  at  which  electrical  mining  plant  is  run 
varies  greatly  according  to  the  design  of  the  machine  and  the  work 
for  which  it  is  intended.  For  colliery  work  with  continuous  current, 
the  voltage  used  varies  between  200  and  600  volts,  400  to  500  volts 
being  a  common  pressure,  and  one  which  is  not  dangerously  high 
when  working  with  the  continuous  current  type  of  machinery. 

Mr  W.  C.  Mountain,  whose  firm  has  had  a  very  large  experience  in 
electric  mining  plant,  considers  500  to  600  volts,  both  with  continuous 
current  and  three-phase  alternating  current  machinery,  a  most  satisfac- 
tory voltage  where  the  motors  are  placed  not  more  than  a  mile  from 
the  generating  plant,  and  he  does  not  think  that  even  with  the  three- 
phase  machinery  any  great  saving  would  be  obtained  by  running  at 
a  higher  voltage  and  putting  in  transformers.  For  underground 
motors,  a  voltage  of  500  may  be  considered  a  practical  working  pres- 
sure, and  is  sufficient,  provided  the  power  required  is  not  too  great. 

In  continental  mines,  especially  in  Germany  and  Belgium,  the 
three-phase  system  is  almost  universally  employed,  the  voltages 
being  1000  to  3000,  the  current  being  transformed  into  a  lower 
voltage,  500  to  600,  by  transformers  at  some  suitable  point  under- 
ground, such  as  the  pit  bottom  or  at  station  at  the  end  of  a  main 
haulage  road.  It  should  be  remembered,  however,  that  at  many  of 
these  mines  the  whole  of  the  operations  on  the  surface  and  under- 
ground are  carried  on  by  electricity,  necessitating  large  power. 
The  shafts,  too,  are,  as  a  rule,  very  deep,  and  under  these  conditions 
the  use  of  three-phase  electric  current  may  be  advantageous.  At  a 
number  of  British  collieries,  within  recent  years,  three-phase  plant 
has  been  laid  down,  but  only  in  exceptional  cases  has  a  higher  voltage 
than  500  or  600  volts  been  employed. 

Oenerators  or  Dynamos. — Dynamos  have  been  defined  as  machines 
for  converting  mechanical  energy  into  electrical  current  or  energy. 
They  are  usually  divided  into  two  classes,  viz. : — 

(a)  Continnous  current  machines. 
lb)  Alternating  current  machines. 

Each  class  comprises  many  different  types,  for  technical  descriptions 
of  which  the  student  should  consult  one  of  the  many  text-books  on 
electrical  engineering.     Continuous-current  machines  are  very  largely 
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used  for  colliery  work,  and  have  been  found  very  suitable  for  the 
varying  conditions  usually  existing,  and  where  the  load  is  of  a  varying 
nature,  as  in  hauling  or  coal-cutting. 

Continuous-current  dynamos  are  divided  into  three  classes  accord- 
ing to  the  method  adopted  in  the  winding,  the  three  types  being  — 

Series  wound  machines. 
Shunt  wound  machines. 
Compound  wound  machines. 

Series  Wound. — In  this  system  the  field- winding,  i.e.  the  armature, 
the  field-coil  and  the  working  circuit,  are  all  in  series  receiWng  the 
same  current,  the  current  flowing  from  the  positive  })ru8h  through  the 
field-coil  windings,  then  through  the  external  circuit  and  back  to  the 
negative  brush.  The  whole  of  the  current  is  sent  through  a  coil  con- 
sisting of  a  few  windings  of  comparatively  thick  wire. 

Shunt  WouTiff. — In  this  type  of  winding  a  double  path  is  open  to 
the  current.  One  part  goes  through  the  field-coil,  which,  in  this 
instance,  consists  of  a  large  number  of  windings  of  fine  wire,  of 
sufficient  resistance  and  length  to  give  the  proper  number  of  ampere- 
turns  to  fully  excite  the  magnet,  and  is  connected  right  across  the 
brushes  or  poles  to  get  the  full  pressure.  The  other  part  of  the 
current  flows  through  the  external  circuit,  both  currents  joining  at 
the  negative  brush  before  they  return  to  the  armature.  The  magnet 
coils  act  as  a  shunt  to  the  main  circuit.  This  type  of  dynamo  is 
most  suitable  where  a  variable  speed  is  required,  such  as,  for  instance, 
in  main  and  tail  rope  haulage. 

Gompcmnd  Wound, — When  the  field-coil  of  a  dynamo  is  wound 
with  both  a  shunt  and  series  coil  of  windings,  it  is  called  a  compound 
dynamo.  It  will  be  seen  that  this  is  a  combination  of  the  two  just 
described.  The  shunt  coil  consists  of  a  large  number  of  turns  of  fine 
wire  calculated  to  give  full  potential  at  no  load  and  with  the  magnet 
not  fully  excited,  so  that  when  the  current  increases  in  the  external 
circuit  it  passes  round  the  series  coils,  which  are  of  thick  wire,  and 
increases  the  magnetism,  and  so  raises  the  pressure  to  compensate 
for  the  drop  in  potential  due  to  the  resistances  in  the  armature 
circuit.  This  arrangement  of  windings  enables  the  dynamo  to  be 
self-regulating  and  give  a  constant  E.M.F.  with  varying  loads. 

Motors. — A  motor  is  a  machine  for  converting  electrical  energy 
into  mechanical  energy.  If  we  send  a  current  through  the  armature 
of  a  dynamo  whose  magnetic  field  is  excited,  the  armature  will  be 
put  in  motion.  With  the  dynamo  armature  there  will,  however, 
take  place,  not  only  a  single  movement,  but  a  permanent  rotation. 
Owing  to  the  action  of  the  commutator,  the  current  flows  through 
all  wires  on  one  half  of  the  armature  which  are  under  the  influence 
of  the  north  pole,  in  one  direction,  and  through  all  wires  which  are 
under  the  influence  of  the  south  pole,  in  the  opposite  direction ;  hence 
as  long  as  a  current  is  sent  through  it,  the  armature  will  ratate. 
The  machine  now  absorbs  electrical  and  supplies  mechanical  energy. 
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In  this  case  the  machine  is  called  an  electric  motovy  which  we  may 
speak  of  simply  as  a  motor,  whereas  a  machine  which  produces 
current  is  called  a  dynamo  or  generator.  As  the  construction  of  the 
motor  is  practically  the  same  as  the  dynamo,  we  need  not  further 
describe  it.  There  is  one  important  difference,  however,  in  the 
driving  of  the  motor  which  may  be  pointed  out ;  the  armature  always 
moves  in  an  opposite  direction  to  that  of  the  dynamo  armature.  If 
to  get  a  current  the  dynamo  armature  requires  to  turn  to  the  right, 
then  the  motor  armature  will  run  towards  the  left. 

Electrical  Plant  Failures. — Electric  installations  are  not  more 
liable  to  an  excessive  number  of  breakdowns  than  non-electric  plant. 
With  reasonable  care  in  design,  manufacture,  and  working,  electric 
machinery  can  be,  and  has  been,  made  as  reliable,  if  not  more  so, 
than  steam,  hydraulic,  compressed  air,  or  oil-power  plants.  The  first 
desideratum  in  colliery  installations  is  to  have  ample  power  in  the 
generating  plant  and  also  in  the  motors.  Nearly  all  the  trouble  in 
the  past  has  arisen  owing  to  the  plants  being  made  too  small  for  the 
work  they  are  expected  to  perform. 

The  causes  of  accidents  in  electric  plant  are  due  to  constructional 
defects ;  bad  design  and  perishing  insulation  ;  bad  workmanship ; 
overloading ;  damp  and  dust,  and  oil  and  defective  attention. 

Electricity  has,  in  England  and  Scotland,  been  chiefly  applied  to 
the  operations  of  hauling  and  pumping.  It  is  also  used  for  coal- 
cutting  machines,  rock  drills,  and  winding. 

Compared  with  compressed  air  there  can  be  no  doubt  that  elec- 
tricity gives  a  very  much  higher  efficiency,  often  as  much  as  30  per 
cent.  more.  The  efficiency  of  electrical  machinery  may  vary  from  40 
to  60  per  cent.  In  a  paper  read  by  Mr  Robertson  before  the  Insti- 
tution of  Civil  Engineers,  he  states  that  an  efficiency  of  50  per  cent, 
was  obtained  from  the  electrical  haulage  plant  recently  erected  at 
Eamock  Colliery,  Hamilton.  Comparing  the  indicated  horse-power 
of  the  engine  with  the  power  developed  on  the  hauling  ropes  the 

losses  were — 

Per  cent. 

Inoncine, 22*00 

,,  belt  and  dynamo,  .         .  8*00 

„  cable, 12-50 

„  motor  and  gear,         .  .  7*50 

Totalloss,         .        .         50*00 

At  Haden  Hill  Colliery  the  electrical  haulage  plant  gave  59  per 

cent,  efficiency,  the  losses  being — 

Per  cent. 

In  dynamo, 9*00 

„  cable, 8*00 

„  motor, 9*00 

„  gearing, 16*00 

Totalloss,        .         .         41*00 
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1400 

vards 

22  H.  P. 

19*8 

2-4 

2-6 

17-2 

1-6 

121 

1-3 

2*3 

( ■ 

Another  instance  may,  however,  be  given,  where  the  tests  made  on 
a  hauling  plant  gave  an  efficiency  of  71  per  cent. 

Teds  of  Hauling  Engines, 

Distance  of  engine  to  hauling  motor, 
Energy  imparted  to  dynamo, 
Work  done  by  dynamo, 
Loss  of  energy  in  dynamo,  . 

Energy  imparted  to  motor, 

Loss  of  energy  in  motor, 

Work  expended  in  raising  coals  and  tubs, 

„  ,,        friction  of  moving  tubs, 

,,  ,,        lianlage,  gearing,  and  ropes. 

The  speed  of  the  rope  in  this  case  was  three  miles  per  hour,  and  the 
total  efficiency  was  71 '3  per  cent.,  which  is  a  very  satisfactory  result. 

Comparing  also  the  first  cost  of  installing  compressed  air  and  elec- 
tricity respectively,  the  latter  is  the  cheaper.  As  a  general  rule  an 
air-compressing  plant  will  cost  20  per  cent,  to  30  per  cent,  more 
than  an  electrical  plant  capable  of  performing  the  same  amount  of 
work,  while  the  cost  of  running  the  latter  is  7^  per  cent,  to  10  per  cent, 
less  than  that  of  running  a  compressed  air  installation  of  the  same 
power. 

Mr  J.  T,  Forgie,  in  a  paper  read  before  the  Mining  Institute  of 
Scotland,  gives  the  following  detailed  costs  of  an  electrical  haulage 
plant  erected  at  Dumbreck  Colliery,  Kilsyth  *  : — 

Generating  engine  20  in.  diam.  by  30  in.  stroke  complete,  £300  0  0 

One  dynamo,  60  horse-power 374  0  0 

Two  motors,  20  horse-power  each 440  0  0 

1750  feet  of  19/17  cable, 93  0  0 

Instruments,  switches,  etc., 81  10  0 

Lftbour,  packing,  carriage,  etc., 97  5  0 

Two  underground  haulage  arrangements,  ....  400  0  0 

Total  cost,       .        .        .        .  £1785  15    0 

The  cost  of  a  compressed  air  plant  to  do  the  same  work  may 
approximately  be  shown  as  follows : — 

Steam  engine,  air  cylinders,  valves,  etc.,   .  .£1200    0  0 

1750  feet  air  pipes  6  in.  diameter, 180  16  0 

Two  air  receivers, 70    0  0 

Two  haulage  arrangements, 400    0  0 

Labour  in  nxing  pipes,  etc 100    0  0 

Sundries, 200    0  0 

Totol  cost,         ....  £2150  16    0 
*  Tram,  Inat,  Min,  £ng.,  vol.  vii  p.  129. 
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Showing  a  difference  in  first  cost  of  J&365,  Is,  in  favour  of  the 
electrical  plant,  or  a  saving  of  approximately  23  per  cent. 

Pumping. — To  no  branch  of  mining  has  electricity  been  more 
successfully  applied  than  that  of  pumping,  and  there  can  be  no  doubt 
of  its  suitability  for  such  purposes,  owing  to  the  small  space  occupied 
by  the  driving  motor  compared  with  a  steam  engine,  and  by  cables 
compared  with  steam  or  air  pipes,  together  with  the  ease  with  which 
the  former  may  be  carried  to  any  part  of  the  workings. 

The  cost  of  the  cable  will  be  only  about  one-half  that  of  pipes. 

Electrical  pumping  installations  differ  very  widely  in  efficiency,  a 
great  deal  depending  on  the  suitability  of  the  motor  for  the  class  of 
work  required.  In  a  paper  read  before  the  Institution  of  Civil 
Engineers  by  L.  B.  and  C.  W.  Atkinson,  describing  an  electrical 
pumping  plant,  the  gross  efficiency  was  given  at  49  per  cent.,  the 
generating  engine  being  placed  1200  yds.  distant  from  the  pumps. 
Comparing  the  I.H.P.  of  the  engine,  which  was  31*75,  with  the 
volume  of  water  delivered,  the  losses  were  distributed  as  follows ; — 

Per  cent. 
Lobs  in  generating  engine  and  in  belts,         .        .      81  '50 

,,      dynamo, 6*05 

,,      cable, 5-36 

„      motor 4*72 

,,      pump  and  gear 3*15 

Total  loss,         ....      5078 

A  very  large  installation  of  electrical  pumping  plant  has  recently 
been  put  down  at  Arniston  Colliery,  near  Edinburgh,  the  following 
particulars  concerning  which  may  be  of  interest. 

Oore  Pit, — One  set  of  three-throw  pumps,  ram  1 1  in.  diameter  by 
18  in.  stroke,  to  deliver  500  gallons  per  minute,  against  a  head  of 
678  ft.,  at  an  approximate  speed  of  thirty  revolutions  per  minute. 

Emily  Pit, — One  set  of  pumps  exactly  similar  to  the  above,  to 
deliver  500  gallons  per  minute  against  a  head  of  250  ft.  through 
3175  ft.  of  cast-iron  pipes  10  in.  diameter.  Three  sets  of  pumps, 
6  in.  diameter  by  9  in.  stroke,  in  the  dook,  each  set  delivering  100 
gallons  per  minute  against  a  head  of  450  ft.  These  pumps  deliver 
through  1200  ft.  of  cast-iron  pipes  6  in.  diameter. 

Motors,  — For  driving  the  large  high-lift  pump,  which  delivers  500 
gallons  against  a  head  of  678  ft.,  two  80  horse-power  motors  are  used 
with  an  approximate  speed  of  450  revolutions  per  minute.  The 
second  set  of  pumps  in  the  Emily  Pit  are  driven  by  a  single  motor  of 
80  horse-power,  at  a  speed  of  450  revolutions  per  minute.  The  three 
sets  of  pumps  in  the  dip  workings  are  driven  by  a  motor  giving  25 
effective  horse-power  at  a  speed  of  250  revolutions  per  minute.  The 
total  cost  of  plant,  exclusive  of  the  power  stations,  was  J&  12,000. 

Oenerating  Plant, — The  power  was  furnished  by  two  compound 
horizontal  engines,  having  cylinders  16f  in.  and  26}  in.  diameter  by 
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36  in.  stroke  each,  and  working  at  a  speed  of  eighty-four  revolutions 
per  minute.  Each  engine  is  capable  of  developing  350  horse-power, 
with  a  steam  pressure  of  120  lbs.  per  sq.  in. 

Dynamos, — There  are  two  dynamos,  fitted  with  drum  armatures, 
each  dynamo  being  constructed  to  yield  the  following : — 

Total  watts, 200,000 

Amperes 363 

Volts, 560 

Approximate  revolutions  per  minute,    .        .  400 

The  working  of  this  large  and  expensive  installation  will  be 
watched  with  much  interest  by  those  engaged  in  mining. 

It  should  be  stated  that  no  fire-damp  is  ever  encountered  in  the 
w^orkings,  the  whole  being  w^orked  with  naked  lights ;  no  danger  is 
therefore  to  be  apprehended  from  gas  explosions. 

One  of  the  great  advantages  claimed  for  the  electrical  transmission 
of  power  is,  that  a  dynamo  or  a  motor  is  self-regulating,  t.e.  the 
dynamo  only  requires  sufficient  power  to  drive  it,  to  enable  it  to 
accomplish  the  work  which  it  is  c^led  upon  to  perform,  and  a  motor 
only  requires  current  sufficient  for  the  same  purpose.  It  is  of  the 
greatest  importance  that  the  dynamo  or  motor  should  be  large 
enough  for  the  work.  The  best  results  are  only  obtainable  with  a  fair 
surplus  of  power  in  the  steam  engine.  The  advantages  and  disadvan- 
tages of  electricity  as  a  motive  power  may  be  briefly  stated  thus : — 

Advantages : — 

The  great  facility  with  which  it  can  be  used  in  any  part  of  the  workings, 
and  a  motor  put  down  wherever  required,  for  driving  a  pump  or  haulage 
system. 

The  small  amount  of  space  occupied  by  the  motor,  while,  owing  to  the  high 
speed  at  which  it  works,  a  large  amount  of  power  can  be  applied  from 
quite  a  small  pulley  by  belting. 

It  does  away  with  the  danger  of  ropes  or  pipes  in  the  shaft,  and  avoids  the 
complication  of  pulleys  and  ropes  at  the  pit-head  and  pit-bottom. 

The  caoles  can  be  readily  fixed  and  taken  round  curves ;  there  are  no  joints 
to  be  atfected  (as  in  pipes)  by  vibrations  or  shocks,  and  the  space  occu- 
pied by  conductors  is  very  small. 

The  surface  plant  can  be  placed  any  distance  from  the  shaft  and  not  neces- 
sarily in  line  with  the  latter. 

Higher  efficiency  can  be  obtained  than  with  compressed  air  or  steam  when 
used  underground. 

Disadvantages : — 

The  danger  of  fire,  either  igniting  fire-damp  or  setting  fire  to  screen-cloth 

or  brattice-wood,  owing  to  sparking  at  the  motor  or  '  short-circuiting ' 

in  the  cables. 
Electric  machinery  is  easily  damaged  and  thrown  out  of  order,  and  often 

requires  skilled  men  to  repair  it 
Its  unsuitability  in  damp  and  dirty  workings,  as  the  cables  and  beltings 

soon  suffer  injury  under  such  conditions. 
The  first  cost  is  much  higher  than  for  ordinary  haulage  engines  driven  by 

steanu 
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The  following  table  shows  the  comparison  in  the  cost  of  transmitting 
power  by  the  various  systems  in  use  *  : — 


System  employed. 


Electricity, . 
Water  pressure, 
Compressed  air, 
Ropes, 
Electricity, . 
Water  pressure, 
Compressed  air, 
Ropes, 


330 

1640 

ft. 

ft 
Pence. 

Pence. 

1-80 

1-84 

2-27 

2*!J6 

8-17 

3-23 

1*26 

1*49 

0-46 

0-48 

0-46 

0-56 

0-72 

0-80 

0-25 

0-27 

ft. 


Pence. 
1-94 
2-61 
3-33 
1-58 
0-63 
0-62 
0-84 
0-30 


16,400 

32,810 

ft 

ft 

Pence. 

Pence. 

2-27 

2-84 

4-03 

6-79 

4-05 

5  26 

2-88 

4-99 

0*62 

0-68 

1-33 

8 -28 

1-21 

1-86 

0-80 

1-42 

65,250 
ft 


The  cost  as  given  above  is  for  the  transmission  of  100  horse-power 
for  the  distance  tabulated,  from  which  it  would  seem  that  transmission 
by  wire  ropes  is  the  cheaper  up  to  3000  ft.,  and  electricity  for  longer 
distances. 

Electrical  Terms. — The  volume  of  an  electrical  current  is  measured 
in  amperes  in  the  same  way  as  the  speed  of  air  in  pipes  is  measured  in 
cubic  feet  per  minute  or  second,  or  that  of  water  in  gallons  or  feet  per 
second.  The  tension  or  pressure  of  an  electrical  current  is  measured 
in  volts,  and  corresponds  to  the  measurement  of  steam  pressure  by 
poimds  per  square  inch.  An  electrical  horse-power  equals  746  watts, 
a  watt  being  the  power  conveyed  by  a  current  of  one  ampere  at  a 
pressure  of  one  volt  in  a  second  of  time  ;  or,  in  other  words,  when  a 
current  of  one  ampere  passes  through  a  resistance  of  one  ohm  in  one 
second.  The  resistance  of  any  conductor  to  the  passage  of  electricity 
is  measured  in  ohms. 

The  difference  of  pressure  of  electrical  energy  at  varying  points  is 

usually  spoken   of  as  electromotive  force  (written  E.M.F.),  and  is 

measured  in  volts. 

Let  £= electromotive  force  in  volts, 
R= resistance  in  ohms, 
C=the  current  in  coulombs, 

thenE  =  RxOorC  =  ^ 

Work  done  in  mechanics  is  usually  measured  in  foot  lbs. 

In  electricity,  however,  the  watt  is  the  unit  of  work  ( =  volt  x  amp.) 

H.P.  in  mechanics =^^^^^^-  =746  watts. 

Ou,0v0 

J,  n  •      1    *  •  •*.       watts    volts  X  amiwres. 
H.P.  m  electricity  =  -y_= ^ 
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Power  given  out  by  a  current  of  1  ampere  at  a  tension  of  1  volt  =     1  watt 
,,  ,,  „  2  amperes    ,,         ,,      2  volts  =    4  watts 

tt  »f  »>  *"        »i         >»  II       2     ,,     =    zo     ,, 

74-6 10     „    =746     „     =1H.P. 

7-46  „         „  „  100    „     =746    „     =1  H.P. 

That  is,  a  current  of  74*6  amperes  at  a  tension  of  ten  volts,  or  one 
of  7*46  amperes  at  a  tension  of  100  volts,  is  equal  to  one  electrical 
horse-power. 

A  wire  of  a  given  size  will  permit  the  flow  of  a  given  number  of 
amperes  proportional  to  its  diameter.  For  instance,  a  conductor  of 
19  wires,  each  wire  being  16  B.W.G.,  is  suitable  for  the  flow  of 
about  50  amperes  for  a  distance  of  1000  yds.,  with  a  loss  in  the 
conductor  of,   roughly,  10  per  cent.     If  the  voltage  of  the  above 

current  be  500,  then  the  horse-power  will  be=  —     - —  =  33'5. 

For  large  current  and  small  pressure  or  voltage,  large  conductors 
must  be  used,  which  are  expensive.  For  small  current  and  high  volt- 
age small  conductors  may,  however,  be  employed,  which  is  more 
economical,  although  they  increase  the  danger  arising  from  sparking, 
short  circuits,  etc.  For  underground  work  voltages  exceeding  500 
are  rarely  used,  owing  to  the  danger  of  sparking  and  of  shock  to  men 
coming  in  contact  with  the  cables.  For  electric  lighting  with  incan- 
descent lamps,  a  voltage  of  50  to  100  volts  is  usually  employed. 
An  incandescent  lamp  of  20  candle-power  at  100  volts  takes  about 
0*6  ampere,  i.e.  100  x  -6  =  60  watts,  or  3  watts  per  candle-power.* 

*  For  further  details  of  the  application  of  electrical  power  in  mines  the  reader 
is  referred  to  Electrical  Practice  in  Collieries,  by  Daniel  lUirns,  M.Inst.M.E. 
London,  second  edition,  1906. 
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MODES  OF  WORKING. 

Choice  of  Methods. — The  main  object  in  any  system  of  working  is 
to  extract  as  much  of  the  coal  as  possible,  with  the  maximum  of 
economy  and  safety,  and  in  longwall,  the  coal  left  in  ought  not  to 
exceed  5  per  cent,  to  7  per  cent,  of  the  total  quantity  in  the  seam. 

The  two  principal  methods  of  working  are  pillar  and  stall  (stoop 
and  room  in  Scotland),  and  longwall^^ITbtlier^yslenXsTSeing  simply 
modifications  or  combinations  oftKese  two. 

The  method  of  working  any  seam  naturally  depends  on  local 
circumstances  in  each  individual  colliery,  and,  speaking  generally, 
varies  according  to  the  thickness  of  the  coal.  Seams  of  4  ft.  _and 
upwards  are  usually  worked  by  pillar  and  stall ;  seams  having  a 
thickness  of  less  than  4  ft.  are  usually  worked  by  longwall.  There 
are,  however,  exceptions  to  this  rule. 

Besides  the  thickness  of  the  seam,  the  mode  of  working  will  depend 
on  other  circumstances,  such  as — 

The  inclinAtion  of  the  strata  and  the  nature  of  roof  and  pavement. 

The  depth  of  the  seam  from  the  surface. 

The  chemical  and  physical  properties  of  the  coal. 

The  natural  cleavage  of  the  coal  and  that  of  the  rocks  forming  the  roof. 

The  presence  or  absence  of  water. 

The  vicinity  of  other  seams  or  of  other  workings  which  should  not  be 

interfered  with. 
The  number  of  dykes  and  dislocations  in  the  field  to  be  worked. 

Longwall. — In  this  system  the  whole  of  the  mineral  is  usually 
extracted  in  one  operation.  In  some  cases  a  modification  of  the  system 
is  adopted,  and  pillars  are  left  along  the  main  haulage  roads  to  help 
to  maintain  them,  but  it  is  very  doubtful  if  this  is  an  advantage,  as  it 
generally  entails  the  loss  of  a  large  percentage  of  coal,  which  might 
otherwise  have  been  got,  and,  as  far  as  the  security  of  the  road  is 
concerned,  it  would  seem,  from  recent  investigation,  to  do  more  harm 
than  good. 

To  work  a  seam  to  the  best  advantage  by  this  method,  there  must 
be— 

A  fairly  good  roof  and  pavement. 

The  roof  and  pavement  should  be  free  from  water. 

The  seam  must  be  neither  too  thick  nor  too  highly  inclined. 

The  ooal  itself  should  neither  be  too  soft  nor  too  friable. 
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A  very  soft,  friable  seam  with  a  hard  roof  and  pavement  is  usually 
unsuitable  for  longwall,  no  matter  what  its  thickness  may  be. 

Thick  seams,  worked  on  the  longwall  system,  are  generally  more 
dangerous,  from  falls  of  roof  and  sides,  owing  to  the  roads  being 
imperfectly  built  for  want  of  proper  stowage ;  they  are  also  more 
expensive  as  regards  timber,  but,  as  a  rule,  a  larger  percentage  of 
round  coal  is  got  than  by  pillar  and  stall  system.  The  workings  are 
generally  laid  out  in  a  regular  manner,  after  the  seam  has  been  opened 


Fio.  106.— Longwall  working. 

out,  the  main  haulage  or  drawhig  roads  being  set  out  to  the  full  dip 
or  rise,  with  side  or  branch  roads  at  right  angles  to  them.  Fig.  106 
shows  a  method  of  laying  out  the  workings  in  which  the  main  roads 
are  carried  to  the  full  dip  and  rise,  and  three  parallel  roads  are  used, 
the  two  outside  roads  being  utilised  as  intake  airways,  and  the  centre 
one  as  the  retuni. 

An  important  factor  in  determining  the  direction  of  the  roads  is 
the  jointing  or  clearance  of  the  coal.  These  joints  or  cleats  cross  one 
another  at  right  angles,  but  there  is  always  one  direction  along  which 
the  coal  yields  more  easily  than  in  any  other,  known  as  the  main 
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cleat  or  back.  As  a  general  rule,  it  is  better  to  drive  roads  at  right 
angles  to  the  line  of  main  cleat  (*  on  plane '),  and  not  to  set  off  a  distance 
in  advance,  extending  beyond  the  next  main  cleat.  Sometimes,  how- 
ever, if  the  seam  is  soft  and  friable,  it  is  better  to  work  the  roads 
parallel  to  the  main  cleat,  and  it  also  suits  the  inclination  of  the  roads 
to  sometimes  work  along  the  bedding.  If  the  cleats  are  good  and 
the  coal  soft,  it  is  often  best  to  drive  the  places  or  walls  *  half  on  end ' 
{i.e.  at  an  angle  of  45°  to  the  line  of  main  cleat).  Joints  in  the  roof 
sometimes  coincide  with  the  cleats  in  the  coal,  when,  if  the  walls  are 
driven  parallel  to  them,  the  roof  becomes  bad  and  dangerous,  and 
repair  of  the  roads  difficult  and  expensive. 

Length  of  Walls. — The  length  of  wall  depends  on  the  thickness  of 
the  seam  and  the  amount  of  material  at  disposal  for  *  packs.'  For  a 
seam  4  ft.  thick,  with  a  good  roof,  12  to  15  yds.  is  quite  long  enough  ; 
for  a  3 1  ft.  seam,  15  to  20  yds.  is  sufficient;  and  for  seams  1^  ft.  to 
2  ft.  thick,  the  walls  may  be  20  to  25  yds.  in  length.  In  some  districts 
with  moderately  thick  seams,  4  to  5  ft.,  the  walls  are  often  as  much 
as  40  to  60  yds.  in  length. 

In  thin  seams  the  walls  ought  to  be  long  enough  to  hold  all  the 
debris,  and  the  longer  the  walls  the  less  will  be  the  cost  for  ripping. 
If,  however,  the  walls  are  too  long  (in  thin  seams)  the  coal  is  much 
injured  by  breakage,  in  the  process  of  throwing  it  two  or  three  times 
along  the  wall  to  the  road-head  or  gate-road. 

Width  of  Roads, — The  width  of  roads  varies  from  6  to  10  ft., 
according  to  the  depth,  nature  of  roof  and  floor,  and  thickness  of 
seam.  They  should  be  at  least  7  ft.  wide  and  5^  ft.  high,  as  narrow 
roads  give  much  trouble,  owing  to  the  packs  getting  squeezed  out 
and  catching  on  the  tubs. 

Size  of  ^Builfiings^  or  Packs, — The  size  of  packs  along  the  face 
varies  from  6  to  12  ft.,  according  to  depth,  but  no  pack  ought  to  be 
less  than  6  ft.  along  the  face.  The  size  naturally  depends  largely  on 
the  amount  of  rubbish  available  in  the  workings,  but  a  good-sized 
pack  for  a  4  ft.  seam  at  a  depth  of  1 20  f ms.  would  be  1 2  ft.  along  the 
face.  The  size  of  pack  will  depend  largely  on  the  amount  of  refuse 
got  in  the  working  of  the  seam,  and  in  its  thickness.  In  seams  where 
there  is  a  large  amount  of  rubbish  got  in  working  and  in  ripping  the 
roads,  the  whole  of  the  space  from  which  the  coal  has  been  extracted 
may  be  completely  stowed  or  packed. 

The  side  or  stall  roads  should  not  be  kept  too  long  in  use,  as  they 
often  become  dangerous  and  require  frequent  repairs  to  keep  them  open. 

Level  or  slope  roads  should  be  set  away  every  50  fms.,  or,  where 
the  roof  is  bad,  every  35  or  40  fms.  The  cost  of  upkeep  may  be  less- 
ened by  ripping  anew  every  tenth  or  twelfth  side  road,  after  complete 
subsidence,  and  converting  them  into  main  drawing  roads.  By  this 
means  rails  and  sleepers  are  economised  and  ventilation  is  facilitated. 
The  re-arrangement  certainly  entails  additional  expense,  as  it  will  cost 
6s.  to  7s.  6d.  per  fathom  for  back  ripping  these  roads,  but  the  gain  will 
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in  other  ways  more  than  compensate  for  this  outlay,  The  coat  for 
ripping  in  ordinary  workings  varies  from  3d.  to  6d.  per  ton  of  coal 
produced,  but,  aa  a.  geneTat  rule,  it  should  never  exceed  6d  per  ton 

The  working  places  ought  to  be  carefully  propped  and  no  more 
timber  left  in  the  waste  (goaf)  than  can  be  avoided  as  it  keeps  the 
roof  from  Buliaiding  properly,  and  needlessly  increases  the  cost  The 
coal  onght  also  to  be  properly  spragged  with  'holing  props  to  get 
the  full  benefit  of  the  '  weight '  when  it  comes  ou  the  coal 


Fig.  107  shows  the  methods  of  using  the  holing  props.     When  the 
coal  is  soft  and  difficult  to  keep  up  while  it  is  being  holed,  the  method 
shown  in  fig.  107  (2)  or  (i)  it  adopted  while  in  ordinary  circum- 
stances, the  method  shown  in  fig   107  (1)  is  used      This  simply  cou' 
sists  of  setting  up  a  series  of  short  props  or  sprags  a,  either  with  or 
without  a  lid,  along  the  face  at  the  edge  of  the  holing.     When  the 
coal  is  soft  a  horizontal  prop  (fig.  107  (2),  a)  is  placed  parallel  to  and 
t^ainst  the  coal,  a  short  prop,  b,  supporte  it  from  the  floor,  while 
another  prop,  c,  set  at  an 
angle  to  the  roof,  helps  to 
keep  it  in  position.     The 
same   result   may   be  at- 
tained by  using  the  method 
shown    in    fig.    107    (3). 
The  holing  props  should 
be  set  up  at  intervals  of 
not  more  than  6  ft.  apart, 
and    this    rule     ought    to 
„      ,„„     ,-  ^^.     ,       ,_,     ,,    J,  be  strictly  enforced,  as  a 

Fig.  108.— Nuttuigliani 'Toij  Hard' seam.  .         •'  j      .    - 

'  great  many  accidents  from 

falls  of  coal  are  due  to  the  neglect  of  using  holing  props  (see  C.  M.  R. 
Act  as  ti)  rules  for  spragging  the  coal).  By  properly  apragging  the 
coal  a  larger  amount  of  round  is  obtained  and  a  smaller  percentage 
of  dross  than  when  this  precaution  is  neglected. 

In  some  districts  where  longwall  is  practised,  the  walls  are  made  as 
long  as  possible,  25  to  60  or  even  70  yds.,  and  a  road  laid  along  the 
face  to  take  iu  the  tubs.  This  is  a  decided  advantage  where  a  lai^e 
area  of  coal  can  be  opened  out,  as  it  saves  expenditure  for  ripping, 
and  tew  roads  require  to  be  kept  open  for  a  given  length  of  face. 
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In  tho  '  Top  Hard '  seam  at  Nottingham,  of  which  a  section  is  given, 
fig.  108,  the  method  of  working  is  longwall,  tho  walls  being  25  to  30 
yds.  in  length.  The  'holing'  ia  done  in  the  soft  blaes,*  and  spragH 
Are  put  in  every  6  ft.  The  plticea  arc  worked  on  'end,'  and  no 
blasting  is  required ;  when  it  is  worked  on  '  plane '  the  cool  ia  more 
crushed.  The  rubbish  from  the  walls  and  ripping  is  sufficient  to 
pack  the  whole  of  the  waste,  and  a  pack  is  put  in  when  there  is  i  ft. 
of  ripping  available.  Two  rows  of  wood,  6  in.  diameter,  are  kept 
between  the  pack  and  the  coal,  the  hack  row  props  being  placed  at  a 
distance  of  not  more  than  6  ft.  apart.  The  tram  road  in  laid  between 
these  two  rows  of  props  (fig.  109).  The  coal  having  been  holed,  the 
whole  length  of  the  wall  and  the  rails  arc  lifted,  a  '  cut '  is  taken 
simultaneously  right  and  left  along  the  wall,  the  mils  being  laid  down 
anew  from  either  side  at  the  same  time,  and  a  new  pack  of  5  ft.  is 
put  in  (at  X). 

The  props  of  the  back  row  arc  drawn  and  set  up  at  the  face  again. 


Fia.  109.— PIad  of  wall  abowing  tram  rood. 

The  branch  roads  are  cut  off  every  BO  fnis.  by  new  slopes,  and  the 
top  coal  is  taken  down  by  these  roads.  In  the  main  roads  the  6J  ft. 
of  shale  is  also  taken  down,  a  good  high  road  resulting.  The  output 
per  man  averages  four  tons  per  day. 

Id  the  Main  seam  at  the  same  colliery  the  working  is  similar,  but 
the  walls  here  are  60  yds.  long,  and  the  seam  is  worked  on  'end'  as 
before,  no  blasting  being  required.  The  under  coal  and  fireclay  are 
holed  to  a  depth  of  5  or  6  ft,,  and  sprags  put  in. 

The  rubbish  got  from  ripping  and  holing  is  not  sufficient  to  fill  the 
whole  of  the  goaf,  and  packs  6  ft.  thick  and  9  ft.  apart  are  put  in  at 
intervals  along  the  wall,  while  two,  and  sometimes  three,  rows  of 
props  of  6  in.  or  6  in.  diameter  wood  are  set  up,  6  ft.  apart,  with  a 
distance  of  3  ft.  between  the  rows ;  the  back  props  being  drawn  and 

*  ArgilUcwus  slule. 
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shifted  forward  as  packing  proceeds.  The  tubs  are  taken  along  the 
face  between  the  inner  row  of  props  and  the  coal.  Where  the  roof  is 
tender,  straps  composed  of  old  rails  are  put  up  between  the  coal  and 
the  props  in  the  nearest  row,  the  inner  end  being  wedged  into  the  coal. 

The '  Drumgraj  *  seam  in  Lanarkshire  varies  in  thickness  from  1^  ft. 
to  2^  ft.,  and  is  worked  longwall.  The  seam  in  some  districts 
lies  very  level,  and  the  general  mode  of  working  is  to  set  off 
roads  in  the  direction  of  the  rise  and  drive  branches,  right  and  left, 
the  walls  being  15  to  20  yds.  long.  The  coal  is  hauled  by  boys 
along  the  face  in  small  bogies  to  the  '  road-head,'  and  there  filled  into 
the  tubs.  The. roads  are  ripped  to  a  height  of  5  or  5^  ft.,  and  made 
7^  ft.  wide,  the  rubbish  got  from  the  ripping  and  holing  being  suffi- 
cient to  pack  the  whole  of  the  goaf.  The  ripping  of  the  roads  costs 
78.  6d.  to  10s.  6d.  per  fathom,  and  frequent  repairs  are  necessary  to 
keep  them  in  order. 

At  Westrigg  Colliery,  near  Bathgate,  the  Drumgray  seam  is  only 
14  to  17  in.  thick,  with  a  hard  rock  roof.  It  lies  flat  and  does  not 
contain  much  water,  although  the  other  seams  at  this  colliery  are 
very  wet.  Owing  to  the  roof  being  strong,  very  little  timber  is 
required,  but  the  roads  soon  get  very  low.  The  holing  is  done  in 
the  coal,  the  floor  bemg  hard  shale.  £ach  man  keeps  his  own  place 
in  order,  and  does  the  ripping  of  his  own  road,  the  price  paid  in  1898 
being  about  4s.  per  ton  of  coal  got.  This  price  includes  the  ripping 
of  roads  and  the  drawing  of  the  coal.  The  output  per  working  place 
is  about  three  tons  per  shift  of  nine  hours.  To  work  so  thin  a  seam 
would  be  almost  an  impossibility  with  a  bad  roof,  as  the  cost  of 
upkeep  would  be  too  great ;  but,  in  this  instance,  very  little  extra 
expenditure  is  required,  the  fireman  alone  being  generally  able  to 
examine  and  keep  fifteen  to  twenty  places  going  without  much  trouble. 

Sand  or  Water  Pack, — In  British  mines  where  seams  are  worked 
on  the  pillar  and  stall  system,  it  is  not  usual  to  pack  the  waste  ground 
when  the  pillars  are  extracted,  the  timber  being  usually  withdrawn 
and  the  roof  allowed  to  collapse.  If  the  seam  is  thick  aud  situated 
at  no  great  depth  much  damage  may  be  done  to  the  surface  when 
the  pillars  are  extracted,  especially  in  the  vicinity  of  towns,  where  the 
buildings  may  be  partially  wrecked,  of  which  many  instances  have 
occurred  throughout  Britain.  To  obviate  this  the  goaf  may  be  packed 
with  sand  or  fine  debris  run  in  with  water  through  a  series  of  bore- 
holes from  the  surface.  This  process  was  first  introduced  in  America 
in  connection  with  the  working  of  the  thick  anthracite  seams,  which  in 
many  places  lie  at  no  great  depth  from  the  surface.  The  practice  there 
is  to  utilise  the  fine  refuse  and  sludge  from  the  screening  and  coal- 
washing  plant,  which  is  sluiced  with  water  into  the  waste  workings. 

The  system  has  also  been  successfully  applied  in  Germany,  where 
in  some  districts,  such  as  Silesia,  thick  seams,  20  to  30  ft.,  have  to 
be  worked,  and  where  previous  to  the  introduction  of  the  sand-pack 
a  large  quantity  of  the  coal  was  lost  in  the  removal  of  the  piUars, 
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and  much  damage  done  to  the  surface.  The  chief  material  used  for 
this  purpose  in  the  Silesian  mines  is  sand,  although  other  material,  such 
as  coal-dust,  cinders,  clay,  refuse  from  coal  washeries,  ground  stones 
and  bricks,  are  also  used.  The  fine  di^bris  is  carried  down  the  shafts 
in  pipes,  and  thence  to  the  required  position  in  the  workings,  by  a 
stream  of  water,  the  water  being  allowed  to  filter  through  the  pack 
and  then  pumped  to  the  surface.  "  At  the  space  to  be  packed  under- 
ground, the  delivery  pipe  is  raised  as  close  to  the  roof  as  practica})le 
at  the  upper  end  of  the  open  space,  and  the  openings,  except  that  for 
the  delivery  pipe,  are  closed  by  dams.  Water  alone  is  then  allowed 
to  flow  through  the  pipes  for  some  time  so  as  to  clear  them  thoroughly, 
and  afterwards  the  tipping  of  the  material  into  them,  which  is  done 
through  a  funnel,  is  commenced.  The  water,  after  depositing  its  load, 
filters  away  through  a  dam  placed  at  the  bottom  end  of  the  pillar, 
eventually  reaching  clearing  tanks,  whence  it  is  pumped  to  the 
surface.  Meanwhile  the  material  is  gradually  depositing  and  being 
tightened  by  its  own  weight,  until  only  the  small  space  round  the 
mouth  of  the  delivery  pipe  remains  unfilled ;  the  flow  is  then 
turned  off  in  this  direction,  and  the  same  operation  repeated  with 
it  by  means  of  branch  pipes  somewhere  else.  It  is  advisable  to 
have  telephonic  communication  between  the  tipping  and  delivery- 
ends  of  the  pipes.  After  giving  the  packing  a  day  or  two  to  dry, 
the  dams  are  removed,  and  the  coal  in  the  neighbourhood  can  be 
worked :  the  packing  remains  quite  tight  and  Arm,  and  resembles 
a  natural  stratified  bed."*  The  cost  at  one  colliery  in  Germany 
for  packing  the  waste  in  this  way  was  about  6d.  per  ton  oF  coal 
won,  this  including  the  cost  of  pumping,  pipes,  interest  on  capital — 
everything,  in  fact,  except  the  sand  and  water,  which  were  got 
free.  There  are  few  districts  in  Britain  where  sand  could  be  had  free  in 
sufflcient  quantities  to  carry  out  this  system  successfully,  but  at  many 
collieries  there  are  large  heaps  of  refuse  which  might  be  utilised  for 
the  purpose.  The  principal  advantages  claimed  for  this  method  of 
packing  are:  (a)  a  larger  quantity  of  coal  can  be  won;  (b)  little 
damage  is  done  to  the  surface ;  (c)  less  timber  is  required. 
To  secure  success  in  working  longwall  it  is  necessary  that — 

The  places  or  walls  should  be  kept  going  regularly,  and  fully  equipped  with 
the  full  complement  of  men,  otherwise  some  of  the  places  will  fall 
behind  and  wul  cause  trouble  with  the  ventilation,  and  in  other  ways. 

The  line  of  face  should  be  kept  as  even  as  possible,  and  unless  the  seam  is 
very  highly  inclined,  not  worked  zigzag,  as  the  point  or  '  nose '  is  sure  to 
get  crushed,  the  '  ribside '  will  not  nave  sufficient  weight,  and  very  often 
the  wall  will  get  closed  at  this  point  altogether,  hindering  ventilation 
and  causing  trouble  and  expense  in  '  winning-out  *  again. 

No  portion  of  the  face  should  be  in  advance  of  the  rest  further  than  a 
sinffle  *  cut,'  as  this  makes  the  coal  more  difficult  to  get,  and  more  dross 
('  slack ')  will  be  made  by  the  increased  *  shearins '  and  *  holing.' 

The  places  should  be  carefully  propped,  while  no  tunber  should  oe  left  in 

*  Trans,  L  M,  Engs,^  vol.  zxviii.  p.  825. 
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the  waste  that  can  be  avoided,  as  it  keeps  the  roof  from  subsiding 

properly,  besides  increasing  timber  costs. 
The  holed  coal  ought  to  be  carefully  spragged  by  holing  props  or  '  gibs/  to 

get  the  full  benefit  of  the  weight  when  it  comes  on. 
The  ripping  in  each  road  should  always  be  kept  well  forward  and  the 

builcungs  (packs)  well  and  tightly  laicl.     If  they  are  loose,  much  trouble 

is  often  caused  by  their  being  pushed  out  into  the  roads  when  the  weight 

comes  on  them. 

Advantages  of  LongwalL — The  advantages  to  be  derived  from 
working  any  seam  by  longwall  may  be  briefly  stated  thus : — 

The  coal  is  generally  extracted  with  only  5  per  cent,  to  7}  per  cent  loss, 
resulting  from  places  '  closing '  and  requiring  ribs  of  coal  left  in,  and 
from  bottom  pillars  reauired. 

As  the  *  shearing '  is  connned  to  one  or  two  places  or  main  roads,  there  is  a 
considerable  saving  in  that  part  of  the  work,  and,  therefore,  better  coal 
at  lower  cost  is  obtainable  than  where  much  shearing  is  required. 

The  coal  is  easier  to  work,  and  the  working  price  is  cheaper,  as  a  rule,  than 
in  bord  and  pillar. 

The  '  weight '  often  reduces  the  labour  of  getting  the  coal,  for,  if  properly 
taken  advantage  of,  it  helps  to  bring  down  the  coal  after  being  '  holed,' 
thus  saving  expense  in  blasting  and  giving  from  10  to  15  per  cent  more 
round  coal  than  pillar  and  stall  worlang. 

Ease  in  ventilation,  small  cost  for  bratticing,  and  comparatively  short  dis- 
tance for  haidage  for  a  given  output 

More  men  can  be  employ^  in  a  given  area,  and,  therefore,  a  larger  output 
can  be  got  than  in  pillar  and  stall  working. 

Fewer  roads  require  to  be  kept  open  for  a  given  output,  and  there  is  a  con- 
sequent saving  in  rails,  sleepers,  timber,  etc. 

With  thin  seams  and  where  the  conditions  are  suitable,  coal -cutting 
machines  can  be  used. 

The  disadvantages  are  : — 

The  roads  are  more  difficult  to  keep  open  than  in  pillar  and  stall,  especially 

if  the  roof  and  floor  are  wet,  and  the  latter  tends  to  creep.  * 
Unless  the  work  proceeds  regularly,  roads  and  faces  are  difficult  to  keep 

open,  and  the  ventilation  is  hindered. 
Dykes  and  dislocations  are  more  difficult  to  deal  with  than  in  pillar  and 

stall  working,  and  cause  much  trouble  with  the  roof  and  sides. 
Longvrall  working  is  unsuitable  for  thick  seams  with  little  rubbish  available 

for  packs  in  the  wall. 

It  would  seem  from  the  Inspectors  of  Mines'  Reports  that  there  is 
practically  no  difference  between  longwall  and  pillar  and  stall,  so  far 
as  safety  and  the  number  of  accidents  are  concerned. 

Pillar  and  Stall,  Bord  and  Pillar,  or  Stoop  and  Boom. — This 
mode  of  working,  with  its  numerous  modifications,  may  be  said  to  be 
the  only  other  method  of  working  a  seam  unsuitable  for  longwall. 
Seams  from  4  ft.  thick  and  upwards  may  be  worked  by  pillar  and 
stall,  and  some  even  thinner  than  3  ft.,  where  the  pavement  is  soft 

*  The  word  '  creep '  is  usually  confined  to  the  slow  rising  of  floors,  which 
sometimes,  owing  to  the  pressure  of  the  walls  on  either  side,  become  more  and 
more  convex,  and  sometimes  even  block  up  the  road  or  render  it  impassable. 
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fireclay,  a  portion  being  lifted,  as  in  some  districts  of  Cumberland. 
If  a  seam  situated  below  another  working  containing  water  has  to  be 
worked,  it  is  often  the  best  method  to  adopt,  no  matter  what  thickness 
the  seam  may  be.  The  system,  however,  is  best  suited  for  thick  or 
moderately  thick  seams,  with  no  available  debris.  In  seams  of  a  soft 
or  friable  nature  with  a  rock  roof  it  is  likewise,  as  a  rule,  the  best 
method  of  working. 

Pillar  and  stall  working  is  divided  into  two  distinct  operations  : 

Driving  places  in  the  solid  coal,  and  dividing  the  area  of  ooal  to  be  worked 
into  square  or  rectangular  blocks  or  pillars  by  narrow  places  called  *  stalls,' 
*  rooms,*  or  '  drifts.' 

Extracting  the  pillars  and  allowing  the  roof  to  fall  in  and  fill  up  the  space 
left.    Tnis  is  usually  the  most  mfficult  and  important  part  of  the  work. 

The  accompanying  illustration  (fig.  110)  shows  the  pillars  or 
stoops,  and  the  stalls,  bords,  or  rooms. 

Size  of  Bottom  Pillar. — The  first  important  point  to  be  considered 
is  the  size  of  the  pillar  to  be  left  at  the  bottom  of  the  shaft  to  protect 
the  surface  buildings  and  the  shaft  itself  from  damage.  The  size  of 
shaft  pillars  is  given  differently  by  different  authorities.  A  good- 
sized  pillar  is  one  40  yds.  square  for  a  depth  of  50  fms.,  and  the 
size  should  increase  by  5  yds.  for  every  10  fms.  increase  in  depth  of 
shaft ;  t.e.  the  size  of  pillar  for  60  fms.  would  be  45  yds.  square,  and 
for  70  fms.  deep  50  yds.  square,  etc. 

Another  plan,  which  is  much  adopted  in  Scotland,  is  to  draw  a 
line  enclosing  all  the  surface  buildings,  such  as  engine-houses,  fans, 
screens,  etc.,  that  it  is  necessary  to  protect,  and  make  the  shaft  pillar 
of  such  a  size  that  solid  coal  will  be  left  in  all  round  this  line  for  a 
distance  equal  to  one-third  of  the  depth  to  the  seam. 

The  size  of  bottom  pillar  may  also  be  calculated  from  the  formula 

R=  ^  ^  V  ,  where  R=  radius  of  pillar  in  yards,  D  =  depth  from 

surface  in  yards,  T  =  thickness  of  seam  in  feet. 

Andre  gives  the  following  sizes  as  suitable  for  shaft  pillars : — 

Up  to  160  yds.  deep,  pillar  36  yds.  square. 
176        ..  ,.      40 
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the  size  increasing  5  yds.  for  every  25  yds.  increase  in  depth. 

The  writer^s  own  experience  leads  him  to  believe  that  safety  is 
secured  by  making  the  shaft  pillar  area  equal  in  length  in  yards  to 
the  depth  of  the  shaft  in  fathoms.  For  a  depth  of  100  fms.  the 
shaft  pillar  should  be  100  yds.  square ;  for  120  fms.  120  yds.  square, 
etc.  The  size  of  pillar,  however,  must  depend  on  the  nature  of  the  coal, 
the  roof  and  the  floor,  as  well  as  the  inclination  of  the  seam  and  the 
extent  and  nature  of  the  surface  buildings.  It  must  also  be  remem- 
bered  that  bottom  pillars  should   have  an   excess   rather  than  a 

10 
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defioiency  of  coal,  aa  they  are  frequently  ciit  up  later  for  new  haul^ie 
roads,    eto.      In  steeply- inclined   workingB  at  least  §  of  the  pillar 
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should  be  left  on  the  rise  side  of  the  shaft,  as  the  'weight'  always 
tends  downhill. 

The  size  of  pillaro  in  the  ordinary  working  varies  very  much  in 
differeDt  localities  and  in  different  seams.  In  the  Hamilton  district 
of  Lauarksliire,  in  the  £11  coal,  which  averages  about  5  ft.  thick  and 
is  at  a  depth  of  100  fros.  from  the  surface,  a  common  size  is 
30  yds.  X  20  yds,,  while  For  the  Splint  coal  in  the  same  district,  which 
is  usually  about  6  ft,  thick  and  lies  about  20  fms.  or  so  deeper  than 
Ell,  the  pillar  is  often  30  yds.  x  30  yds.  or  40  yds.  x  30  yds.  The 
pillars  left  in  the  first  working  are  much  larger  now  than  was  formerly 
the  case;  often  in  the  first  working  only  8  to  10  per  cent,  being 
taken  out,  and  90  to  92  per  oent.  left  in  the  pillare,  according  to 
circumstances.  At  Milnwood  Colliery,  Bcllshill,  in  the  Splint  coal, 
only  8^  per  cent,  was  taken  out  and  9J  per  cent,  left  in  the 
pillars. 

For  determining  the  size  of  pillars  the  following  rule  may  be  used  i 
Allow  6  sq.  yds.  of  pillar  per  fathom  depth  for  a  4-feet  seam,  8  sq. 
yds.  per  fathom  for  a  5-ft.  seam,  and  10  stj.  yds  per  fathom  for  a  6  ft 
seam,  etc. ;  multiply  this  allowance  by  the  number  of  fathoms 
in  depth,  and  extract  the  square  root  of  the  reaidt.  In  the  case  of 
a  4-ft.  seam  at  a  depth  of  120  fms.,  we  have  120x6  =  720; 
^720=  26-8  yds.  square. 

The  size  of  pillar  may  also  bo  ascertained  approximately  by  the 

formula,  S-^/p.^  +  22,  where  S  =  8ize  of  pillar  in  yards,  D  =  depth 

of  seam  in  yards.  Taking  all  tilings  into  consideration,  pillars  as 
large  as  possible  should  be  left  in  during  the  first  working. 

If  roof  and  floor  are  both  soft  and  only  small  pillars  are  left,  '  creep ' 
will  occur*  {fig.  Ill),  and  a  large  amount  of  the  uoal  may  be  entirely 
lost.  *  Robbing '  the  pillars 
in  an  irregular  manner  may 
also  bring  on  *  creep,'  and 
lat^e  areas  of  valuable  coal 
have  been  lost  in  this  way. 
Pillars  sufficient  to  prevent 
creep  in  the  first  working 
may  be  quite  incapable  of 
doing  so  when  the  work  of 

eitracting  haa  commenced.  j.,^_  i,i._si,o,.i„gc„epui.dcruBh. 

Again,  if  the   roof  is  bad, 

the  floor  hard,  and  small  pillars  only  have  been  left,  then  when 
a  crush  comes  ou  the  roof  will  'spill'  or  'ride'  over  the  pillars, 
necessitating  a  large  amount  of  '  redding '  when  stooping  is 
going  on,  and  much  of  the  coal  will  be  crushed  into  small,  of  much 
less  value. 
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If  both  roof  and  pavement  are  hard  and  small  pillars  are  left,  the 
coal  will  be  much  crushed,  and  a  large  percentage  of  dross  will  be 
got.     When  this  takes  place  it  is  called  '  thiiist '  or  crush. 

Another  point  to  be  token  into  consideration  in  fixing  the  size  of 
the  pillars  is  the  amount  of  output  required  daily.  Generally  speak- 
ing, small  square  pillars  are  most  favourable  for  a  large  output, 
as  the  stalls  are  numerous,  and  help  to  win  out  new  places 
speedily. 

Direction  of  Pilfars. — Pillars  should,  as  a  general  rule,  be  worked 
lengthwise  to  the  rise  of  the  seam,  unless  the  latter  becomes  very 
steep,  when  it  is  found  more  economical  to  make  the  long  side  of 
the  pillars  at  right  angles  to  the  inclination,  and  so  have  a  larger 
amount  of  coal  to  work  from  on  the  level  course  (fig.  112).  The 
most  important  point  is  to  have  the  pillars  running  parallel  with  the 
main  cleat,  as  this  secures  the  best  coal  at  the  least  cost. 

Width  of  Stalls  or  Eooms.— This  will  depend  almost  entirely  on 
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the  nature  of  the  roof,  but  if  the  latter  is  good,  the  stalls  should 
be  driven  as  wide  as  possible,  consistent  with  the  safety  of  the 
men. 

Wide  stalls  give  a  much  larger  percentage  extraction  of  round  coal 
than  narrow  ones,  which  is  a  very  important  point,  except  where  the 
coal  is  to  be  coked,  in  which  case  it  does  not  so  much  matter  about 
small  coal  being  produced.  With  a  stall  6  ft.  wide  there  will  be 
an  average  of  25  per  cent,  dross  (slack);  with  a  stall  in  the 
same  seam  15  ft.  wide,  the  average  would  be  only  about  15  per 
cent. 

In  Scotland,  the  '  rooms '  and  *  ends '  are  usually  the  same  width, 
varying  from  9  to  12  ft. ;  in  the  splint  coal  of  Lianarkshire,  which  has 
a  rather  soft  roof,  the  stalls  are  usually  8  or  9  ft.  wide,  but  hi  other 
seams  where  stoop  and  room  is  practised  1 2  ft.  is  a  common  width. 
In  the  North  of  England  the  *  bords '  or  stalls  are  narrow,  being  only 

8  to  12  ft.,  while  the  '  throughers,'  or  places  at  right  angles  to  the 
*  bords,'  are  often  as  many  yards  wide.  Again,  in  other  districts,  it 
is  the  practice  to  open  out  both  *  bords  *  and  *  throughers '  narrow  (6  to 

9  ft.  wide  for  a  short  distance),  and  then  to  increase  the  width  to  8 
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or  9  yds.,  such  methodB  being  common  in  Cumberland,  for  instance. 
No  hard  and  fast  rule  can  be  laid  down  for  the  width  of  openings,  the 
main  requirement  being  to  keep  the  stalls  of  such  a  width  that  the 
minimum  of  dross  or  alack  will  be  obtained  with  the  maximum  of 
safety. 

Extractiiig  the  PillarB. — This  is  the  most  important  and  dangerous 
part  of  the  work  in  pillar  and  stall  working,  and  great  care  should 
be  exercised  in  carrying  it  out.  The  chief  point  to  aim  at  is  to  get 
out  the  coal  as  quickly  as  possible,  without  endangering  the  men  or 
losing  a  whole  '  lift '  ('  judd  ')  of  timber  for  the  sake  of  a  tub  or  two 
of  coal.     On  the  other  lund,  no  coal  ought  to  be  left  in  that  can 
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possibly  be  extracted.  To  satisfy  both  conditions,  the  pillars  ought 
to  be  worked  out  in  a  regular  manner,  beginning  next  the  goaf  or 
boundary,  and  working  forward  in  regular  order  |fig.  113). 

Too  many  pillars  should  uot  be  removed  at  once.  As  soon  as  a 
section  of  solid  coal  has  been  driven  through,  it  ought  to  be  extracted 
as  quickly  as  possible,  otherwise  much  loss  will  take  place,  and  the 
percentage  of  round  coal  will  decrease,  as  pillars  deteriorate  when 
left  standing  long.  With  the  greatest  care  possible,  there  is  always 
some  luea,  varying  from  7  per  cent,  to  12  per  cent.,  in  removing  the 
pillars,  and  sometimes  considerably  more  is  lost  through  careless 
working  and  not  setting  in  sufficient  props. 

The  pillars  themselves  are  extract^  by  taking  slices,  lifts,  or  judds 
off  them,  vaiying  from  12  to  20  ft.  in  width, — 1&  ft  being  a  very 
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common  lift.  In  thU  way  they  are  reduced  in  size  till  a  small  pillar 
about  8  ft  square  is  left,  this  small  pillar  being  then  extracted  as 
rapidly  as  possible.  Fig.  1 14  shows  one  of  the  methods  of  reducing 
the  pillars  by  taking  a  '  lift '  off  each  side  Hiniultaneoiisly. 


Flo. 

allowing  metliod  o 


¥w.  116.— ExtTEMltillg  pilli 


If  the  pillars  left  are  large  and  square,  they  are  often  split  into 
two  by  driving  a  road  throngh  their  centre,  and  then  eitracting  the 
remainder  by  taking  '  lifts'  right  and  left  as  shown  in  fig.  115. 

In  this  way  the  length  of  lift  is  shortened,  which  in  the  removal 
of  pillars  is  a  considerable  advantage.  Fig.  116  shows  other  methods 
of  extracting  the  pillars  which  are  sometimes  adopted. 
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In  some  districts,  instead  ot  the  pillars  being  taken  out  in  lifts, 
the  wjiole  pillar  in  extracted  in  one  operation,  and  the  waste  left 
packed  with  rubbish  as  in  ordinary  longwall  working.  It  is  not, 
-  however,  always  convenient  or  even  safe  to  attempt  this  method. 

When  the  roof  is  bad,  and  lire-damp  is  given  off  freely,  extracting 
the  pillars  becomuti  a  still  more  dangerous  operation.     To  be  succesB- 
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ful  in  this  part  of  the  work,  the  following  rules  ought  to  be  carefully 
attended  to : — 

No  naked  liehts  ought  to  be  used  in  withdrawing  timber,  whether  gaa  has 

been  found  or  not,  and  the  timber  should  be  withdrawn  when  only  a  few 

men  are  in  the  pit. 
The  lifts  should  be  made  as  short  as  possible  and  not  too  wide. 
They  should  proceed  regularly  and  as  speedily  as  possible. 
'I  wo  '  lifts '  should  not  meet  each  other ;  one  should  be  finished  and  the 

timber  withdrawn  before  the  other  comes  forwaid. 
The  timber  ought  to  be  withdrawn  as  soon  as  practical  after  a  'lift*  is 

completed. 
If  plenty  of  timber  be  used  (about  one  prop  per  square  foot)  less  will  be 

lost,  and  a  plentiful  supply  of  timber  shoula  be  kept  as  near  as 

possible  to  the  working  faces. 

Panel  System. — In  the  old  method  of  working,  the  whole  royalty 
to  be  worked  was  first  cut  into  pillars  right  to  the  boundary  line 
before  any  of  the  pillars  were  extracted  ;  this  entailed  a  large  amount 
of  loss,  due  to  the  length  of  time  the  stoops  or  pillars  stood  before 
being  taken  out,  for  where  the  roof  was  bad  or  the  coal  tender,  they 
would  be  much  crushed.  To  overcome  this  difficulty,  workings 
are  now  often  laid  out  in  sections  or  panels,  and  as  soon  as  one 
section  is  turned  into  pillars,  these  are  at  once  extracted  without 
being  allowed  to  stand  any  length  of  time.  This  method  is  found 
both  cheaper  and  to  result  in  the  production  of  better  coal.  At 
Hamilton  Palace  Colliery  this  system  of  working  was  adopted,  the 
whole  field  being  first  divided  into  large  blocks  or  panels,  336  x  356 
yds.,  by  pairs  of  headings  or  levels  driven  close  to  each  other  (fig, 
117)  and  *  throughers '  driven  for  ventilation.  The  levels  and  headings 
were  driven  by  Stanley  coal-heading  machines,  two  machines  working 
a  level  each  with  only  a  rib  of  coal  1  ft.  thick  left  between  them 
(fig.  118).  This  rib  of  coal  obviated  the  use  of  brattice,  and  served 
to  preserve  the  roof;  the  rib  was  subsequently  taken  out  and  the 
two  drivages  converted  into  one  level  1 1  ft.  wide,  which  was  quite 
sufficient  for  a  double  road  being  laid  down  for  haulage  purposes. 
As  the  large  blocks  are  formed,  men  are  immediately  set  to  work  to 
form  smaller  pillars,  30  yds.  by  20  yds.,  and  as  soon  as  these  are  driven 
a  third  set  of  men  proceed  to  extract  them.  The  great  advantage  of 
this  method  of  working,  as  compared  with  that  of  forming  pillars 
over  large  areas,  is  that  they  only  stand  for  a  short  time  after  being 
formed,  better  coal  being  got,  while  a  larger  number  of  men  can  be 
employed,  and  hence  a  larger  output  is  obtained. 

At  Clifton  Hall  Colliery,  in  the  Manchester  district,  the  Doe  coal 
seam  is  worked  on  a  similar  principle.  Pairs  of  levels  are  driven  to 
the  bounds^ry,  with  40  yds.  between  the  openings,  and  200  yds. 
above  these  another  pair  of  levels  is  driven  parallel.  When  the 
boundary  is  reached,  a  pair  of  headings  is  set  away  to  connect  them, 
thus  dividing  the  coal  into  large  blocks  200  yds.  square.  These 
blocks  are  then  sub-divided  into  pillars  30  yds.  square,  and  when  a 
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block  has  been  turned  into  pillars  the  latter  are  at  once  eitracted, 
beginning  at  the  boundary  and  working  backwards.     Lifte  of  12  yds. 


□Difficziatajaaan 
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Aji  =  l*tf^e  pilUrs  or  paneK    itf^Sniall  pilUrs.     (7C=Pillftra  being  ex  ti-acted. 

wide  are  taken  off  the  pillars,  a  packing  9  ft.  wide  being  carried  up 
alongside  the  road^the  material  for  wliicL  is  inferior  coal. 

The  seam  is  altogether  9  ft.  thick,  but  the  top  3^  ft.  is  left  on  for 
a  roof  ;  the  holing  is  done  in 
the  7  in.  of  fireclay,  which 
is  holed  for  3  ft.  The  top 
coal  is  then  taken  down  aud 
another  3  ft  holed,  until  9  ft. 
of  the  bottom  coal  is  bared 
— this  part  of  bottom  coal 
being  obtained  by  blasting. 
The  lifts  ofr  the  pillars  are 
always  taken  to  the  full  rise 
of  the  seam. 
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Special  Hethods  of  Working. — When  two  or  more  seams  are  close 
together,  with  little  strata  between  them,  it  is  often  difficult  t« 
determine  the  method  of  working  best  adapted  for  getting  all  the 
coal  out  in  good  condition,  particularly  when  the  strata  between  the 
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coal  uearas  are  soft  and  friable,  and  when  the  seams  themBeWes  are 
lai^ly  intermixed  with  batida  of  dirt. 

When  two  seams  are  separated  by  6  or  10  fms.  of  strata,  it  is,  as 
a  geDeral  rule,  best  to  work  the  lower  seam  out  first,  particiilarly  if 
much  water  is  given  off,  and  to  let  the  upper  one  stand  for  two  or 
three  years.  By  that  time  the  roof  will  have  settled  down  gradually 
and  evenly.  This  plan  may  coHt  more  than  if  the  upper  seam  were 
worked  first,  but  far  better  results  are  obtained  as  a  rule.  Of  course, 
there  are  exceptions  ;  for  instance,  if  the  top  seam  had  a  bad  roof,  it 
might  be  better  to  work  it  first,  or  there  may  be  a  stipulation  in  the 
lease  that  the  upper  seam  be  first  exhausted.  When  two  seams  arc 
separated  from  one  another  by  only  a  small  thickness  of  rock,  and  if 
this  stratum  be  hard  and  firm,  it  ia  better  to  work  the  top  seam 
first,  allow  the  roof  to  settle  down,  and  then  work  the  lower  ueam. 
If  the  intervening  stratum  be  loose  and  friable,  the  bottom  seam 
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should  be  worked  first,  as  otherwise  it  may  be  found  impottsible  to 
work  it  at  all.  Then,  again,  sometimes  a  number  of  seams  occur 
tt^ther,  separated  only  by  thin  bands  of  dirt  or  inferior  coal.  In 
a  seam  having  a  section,  such  as  in  fig.  119,  the  bottom  portion  is 
worked  first  up  to  the  bottom  of  the  Splint  coal,  leaving  this  on  for 
a  roof,  while  the  stone  and  holings  pack  the  waste,  the  working 
being  carried  on  in  the  regular  longwall  way  imtil  the  boundary  is 
reached.  Then  the  top  part  (Splint  coal}  is  either  wrought  back 
from  the  boimdary  to  the  shaft  or  worked  inwatds  in  the  usual  way, 
the  old  roads  serving  for  this  working.  The  main  object  to  be 
kept  in  view  in  working  two  seams  close  together  is  to  get  as 
much  of  both  as  possible,  and  not  to  damage  either  by  working 
the  other. 

In  Lanarkshire,  the  Splint  and  Virgin  and  the  Kiltongiie  seams 
are  often  divided  by  bands  of  dirt  varying  from  1  ft.  to  6  fL  in 
thickness,  which  renders  them  difficult  to  work,  especially  when  the 
dirt  between  the  two  portions  is  4  ft.  to  6  ft,  thick. 

In  the  Blantyre  district,  the  Splint  and  Virgin  seams  are  separated 
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by  a  band  of  dirt  only  1  ft.  to  3  ft.  thick,  and  in  some  of  the  collieries 

these  seama  are  worked  in  two  portiona.     The  Virgin  seam  is  worked 

i»  the  ordinary  longwall  method,  the  walls  being  14  or  16  yds.  long. 

This  coal  consists  of  the  Vii^in  seam  and  the  ply  of  atone  up  to  the 

bottom  of  the  Splint  coal ;  but  to  give  sufficient  height  in  the  roads 

a  portion  of  the  Utter  is  also 

ripped  down.     The  walls  are 

packed   with  the  intervening 

stone,    and    with    any   stone 

^if    resulting  from  falls  of  roof  on 

i4     the  roads.     The  Virgin  seam 

is   worked    in  for  a  consider- 

F,o.  12».  -S«lion  .r  KOtonju.  -urn.  "'''?  l""""'  '»"'•«  "*°V"' 
and  then  tlie  Splint  coal  is 
worked  back,  what  was  the  packing  for  the  lower  portion  being  now 
the  holing  for  the  top  part.  The  one  set  of  roads  serves  for  both 
seams.  By  this  method  of  working,  round  coal  is  economically  got, 
but  the  main  roads  are  extremely  difficult  to  keep  in  repair,  owing  to 
the  insufficient  packing  of  the  walls  and  the  weight  from  the  roof. 

Fig.  120  represents  a  section  of  the  Kiltongue  seam  as  it  is  found 
in  the  Coatbridge  district.  A  common  method  of  working  it  is  as 
follows  : — The  bottom  portion  is  worked  from  9  to  12  ft.  in  advance 
of  the  upper  portion,  and  short  props  j>  p  are  put  up  along  the  wall 
to  support  the  intervening  strata  (fig.  121).  When  the  coal  has  been 
taken  out  in  the  lower  seam,  the  short  props  are  then  drawn,  and 


Fio.  Vi\. — Method  of  working  Kiltongue 


the  fakes  allowed  to  fall,  a  pack  being  put  in  along  the  face  until 
all  the  loose  material  is  used  up.  The  top  portion  is  then  either 
blasted  or  wedged  down  in  the  usual  way,  care  being  taken  to 
properly  support  the  roof  immediately  the  top  coal  is  removed. 
This  method  works  very  well  when  the  thickness  of  the  strata 
between  the  two  seams  does  not  exceed  3  ft.  ;  when  it  is  greater  it 
is  dangerous  to  work  by  this  system,  owing  to  the  difficulty  of  getting 
out  the  short  props,  and  the  danger  arising  from  lai^e  slabs  of  the 
fakes  breaking  off  and  falling  over  at  the  face.  Any  open  spaces 
along  the  face  should  be  supported  by  wood  pillars.  Another 
method  of  working  this  is  to  keep  both  portions  going  as  separate 
workings,  and  when  the  road  is  ripped  to  put  in  a  short  pack  in  both 
seams  at  the  same  time. 
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,  Wlien  the  dirt  separating  the  two  seams  is  5  or  6  ft.  thick,  the 
following  method  of  working  in  often  adopted  : — The  bottom  seam  is 
worked  first  by  ordinary  longwall.  Main  levels  and  headings  are 
set  away  eveiy  40  or  50  fms.,  and  tlie  drawing  roads  cut  off  on  one 
side,  and  new  branch  roads  are  opened  on  the  opposite  side  of  the 
heading.  As  the  branches  arc  thus  out  off  in  a  section,  the  upper 
seam  is  opened  up  in  tlie  old  road-heads  and  the  seam  worked  back 
towards  the  main  levels  (fig.  122),  beginning  at  the  level  it«elf,  which 
would  require  to  be  worked  during  the  night  shift. 

By  cutting  up  on  the  'low'  side  of  the  firet  branch  road  and  the 
'rise*  side  of  the  level,  means  are  afforded  for  an  air-current  to 
circulate.  In  working  by  this  method,  the  walls  and  roadways  in 
the   lower  aeam   alionld    be   built    very   carefully,    otherwise   great 
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Fio.  12'2.— Working  special  scuna. 
difficnlty  is  sometimes  experienced  in  reaching  the  top  part  of  the 

The  advant^:e8  claimed  for  this  method  are  : 
It  is  sufa  to  work 

Little  rlpiiing  is  requireii,  and  kee|>JnK  roods  open  is  diB[«nBed  with. 
Less  expense  is  incurred  fur  timber. 
A  lurger  output  is  got  by  workiiig  both  seims  prectically  at  the  mme  time. 

Sometimes  three  seams  are  found  within  a  few  feet  of  each  other, 
as  in  some  parts  of  the  Ayrshire  coal-field.  This  greatly  increases 
the  difficulty  of  working.  The  section  here  given  (fig.  124)  repre- 
aents  one  that  occurs  at  Dalmellington.'*' 

The  method  of  working  adopted  is  very  similar  to  that  just 
described  for  two  seams  occurring  close  together. 


■  Ibid.,  vol.  ) 


.  pp.  113-114. 
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In  this  working  two  levels  are  driven — the  low  or  main  level  in 
the  top  coal  and  the  high  level  in  the  bottom  coal.  Sometimes, 
wlien  the  roof  of  the  top  portion  is  not  very  good,  the  main  levels 
are  driven  in  the  bottom  coal.  Level  crosB-cuts  are  driven  at 
oonvcnieut  distances — ueiially  40  to  50  fme. — apart,  from  the  top 
coal  in  the  low  level  to  the  bottom  coal  in  the  high  level.  In 
thia  coal  longwall  workings  are  opened  out,  a  barrier  being  left 
between  the  two  levels,  and  branch  roads  12  yds.  apart  are  set  off 
to  the  rise  at  right  angles  to  the  level  (fig.  1 23).     In  the  roads  of 


Fios.  123,  12*.— Syat«ni  of  working  adopted  at  Dalmellington  in  Ayrahite. 

this  working  the  dark  fakes  arc  ripped  down  to  the  bottom  of  the 
mid  coal,  the  roads  heing  packed  12  ft.  wide.  When  the  branch 
roads  are  worked  up  40  or  50  fnis.  they  are  cut  off  by  a  new 
level ;  only  those  in  a  line  with  the  cross-cuts  are  kept  open  as  main 
roads,  being  afterwards  fitted  up  as  self-acting  inclines  to  convey 
the  coal  to  tlie  low  level. 

When  a  certain  area  has  been  exhausted  in  the  bottom  coal,  a  new 
set  of  oj>eratioiia  is  begun  at  the  cousie  *  level,  by  piercing  up  into 
the  mid  coal  and  opening  out  longwall  workings  in  that  seam,  the 
roads  of  the  lower  seam  being  used.  A  pillar  is  left  to  protect  the 
cross  level,  should  this  still  be  in  use  when  it  is  reached.  The  roads 
•  S«lf.iM!ting  inoline. 
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are  finally  ripped  up  to  the  bottom  of  the  top  coal,  and  a  pack  put 
in  on  the  top  of  the  dark  fakes,  which  was  the  roof  of  the  bottom 
coal,  but  is  now  the  floor  of  the  mid  coal.  When  the  mid  coal  has 
reached  its  limit,  the  top  coal  is  pierced  up  along  the  faces  and 
worked  backwards  longwall,  there  being  no  ripping  in  this  working. 
Stones  from  the  road-sides  and  old  timber  are  used  for  pillars  on 
either  side  of  the  road-head  (gateway),  the  w^alls  being  propped  in 
the  usual  way.  By  this  method  very  little  coal  is  lost,  and  the 
percentage  of  round  coal  got  is  larger  than  when  the  seams  were 
worked  by  stoop  and  room. .^  -^      ^^^^^  —  -^         ^^ —    -  ' 

Spontuieous  Combustion. — In  many  districts  spontaneous  com- 
bustion occurs  when  the  coal  is  being  worked.  In  the  South 
Staffordshire  thick  coal  underground  fires  are  of  frequent  occurrence, 
and  in  the  Dysart  thick  seam  in  Fifeshire  the  coal  very  readily 
takes  fire  on  being  worked.  These  underground  fires  are  more  or 
less  due  to  the  presence  of  quantities  of  dross  or  inferior  coal  in  the 
waste.  The  theory,  or  rather  theories — for  there  are  many — of 
spontaneous  combustion  in  undergromid  workings  need  not  be 
discussed  here,  and  only  the  methods  for  dealing  with  such  occur- 
rences will  be  dealt  with.  To  overcome  the  danger  arising  from 
underground  fires,  various  means  have  been  adopted.  Where  the 
seam  is  worked  on  the  longwall  principle,  continuous  walls  of  clay 
have  been  employed  to  prevent  the  air  from  entering  the  waste ; 
banks  of  sand  have  also  been  used  for  the  same  purpose,  but  neither 
method  seems  to  be  very  practicable.  When  a  *  crush '  came  on,  a 
clay  wall  would,  in  all  probability,  be  pushed  out  into  the  roadway, 
while  such  walls  would  certainly  entail  a  large  amount  of  extra 
labour  and  expense  in  construction. 

Where  these  underground  fires  are  of  frequent  occurrence,  it  would 
seem  best  to  work  the  seam  on  the  *  retreating '  system,  t.e.  driving 
the  principal  roads  out  to  the  boundary,  and  keeping  them  dipping 
from  the  shaft  if  possible  ;  the  coal  could  then  be  worked  uphill 
towards  the  shaft,  and  the  waste  allowed  to  fill  with  water  up  to 
within  a  convenient  distance  from  the  face. 

To  overcome  the  danger  from  underground  fires  in  Fifeshire,  the 
coal  is  sometimes  worked  on  the  panel  system.  The  coal  is  thick, 
and  is  generally  worked  in  two  portions  (figs.  125,  126,  127).  Dur- 
ing the  first  working  extraction  extends  to  the  *  cherry'  coal,  the 
levels  being  driven  8  ft.  wide,  and  pillars  30  yds.  square  left  on  the 
'rise'  side.  The  cross  *throughers'  are  also  driven  8  ft.  wide  to 
allow  double  roads  to  be  laid,  as  the  latter  are  worked  as  self-acting 
inclines.  The  panels  are  generally  formed  140  to  160  yds.  square; 
and  in  forming  the  panel  a  main  heading  is  driven  8  ft.  wide,  and 
pillars  formed  on  each  side  30  yds.  square.  The  heading  is  driven 
up  80  yds.,  thus  forming  two  pillars  and  part  of  k  third  one.  The 
regular  working  is  now  begun.  The  stalls  are  driven  15  ft.  wide, 
and  small  coal  pillars,  6  to  8  ft.  square,  left  to  support  the  roof. 
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No  drosB  is  filled  in  thin  working.  Wood  pillars  are  put  in,  generally 
three  in  each  place,  this  being  sufficient  to  allow  the  roof  to  subttide 
gradually.  This  method  is  continued  until  the  30-yd.  level  above 
ia  reached ;  it  is  then  cut  off  and  the  coal  brought  out  on  the 
upper  road.  Wliile  working  thuB,  the  aliandoned  workings  left 
behind  will  subside  from  5  ft.  at  the  commencement  to  a  height  of 
2  ft.  6  in.  A  margin  of  10  ft.  is  left  next  tho  upper  level  for 
protection,  and  the  timber  is  taken  out  and    the   dross   filled,  the 


Fioa,  125,  128.  — DjBii-ttiiick  seam  working. 

email  S-ft.  pillars  being  now  crushed  to  dust.  The  coal  is  then 
worked  hack,  and  every  place  of  ingress  built  up,  to  prevent  air 
travelling  through  the  abandoned  workings.  When  the  boundary 
has  been  reached,  the  large  pillars  forming  the  barriers  are  worked 

The  advantages  claimed  for  this  system  are  that  practically  all 
the  coal  ia  e^itracted,  and  in  the  event  of  any  fire  occurring  it  can 
be  easily  shut  off  by  driving  a  level  higher  up  and  opening  out  anew. 
By  this   method   of   working,  however,  a   large   proportion   of  the 
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coal,  and  particularly  of  the  pillars,  is  so  badlj  crushed  as  to  be  of 
relatively  little  commercial  value.  The  seams  at  most  of  the 
collieries  in  Fife  are  now  worked  on  the  two-fold  system. 

Working  Highly-inclined  Seams. — In   working  seams   that   are 
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Fio.  127.— Section  of  Dysart  thick  seum. 

highly  inclined,  from  70°  to  90°  from  the  horizontal,  it  is  found,  as 
a  general  nile,  that  whether  the  Hoams  are  moderately  thick  or  very 
thin,  the  best  system  of  worktug  is  by  longwall  or  some  modification 
of  it ;  especially  is  this  the  case  when  the  seams  reach  a  certain 
depth,  say  130  to  150  fms.  from  the  surface,  when  the  pressure  in 
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Section  of  Stairhead  Seem 

Yms.  12S,  12B. —  Sections  at  Niddrie. 


highly-inclined  seams  becomes  very  great.  Until  they  reach  such 
depths,  they  may,  however,  be  worked  perfectly  well  by  '  bord  and 
pillar '  in  the  ordinary  way. 

At  Niddrie  Collieries,  near  Edinburgh,  where  the  seams  are  inclined 
at  an  angle  of  65*  to  90°  from  the  horizontal,  longwall  is  now  the 
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only  system  that  is  practised,  although  formerly  the  seams  were 
worked  by  'stoop  and  room,'*  Fi^.  128,  lli9  givu  &  section  of  the 
two  seams  most  largely  worked.  The  coal  is  won  by  both  inclined 
and  vertical  aliaftx,  and  is  worked  in  lifts  of  from  60  to  80  fms.  in 
depth,  divided  into  panels  of  about  200  fms.  in  length. 

In  each  panel,  and  preferably  as  near  to  its  centre  as  possible,  a 
*  brake '  incline  is  formed,  by  me&ns  of  which  the  coal  is  lowered 
from  any  intermediate  rmids  to  the  bottom  level,  along  which  it  is 
conveyed  to  tlie  winding  incline  or  shaft. 

When  the  dip  does  not  exceed  70*,  the  method  of  working  is  as 
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Vwa.  130,  131.-Lou£wall  aystem  at  NiddrJe 

follows  1— Close  levels  (A,  B,  C,  D,  figs.  130,  131)  are  driven  in  both 
seams  from  the  winding  incline  at  the  depth  fixed  upon  as  the 
bottom  of  the  lift,  and  when  a  sufficient  distance  h.is  been  reached 
they  are  connected  by  a  cross-cut  (B  D,  figs,  130,  131),  and  longwall 
operations  are  then  commenced.  A  level  about  8  yds.  wide  (B,  E, 
G,  figs.  130,  131)  is  set  away,  leaving  6  ft.  of  stowage  under  the 
rails ;  the  rise  side  of  the  place  being  continuously  timbered  with 
pillars  3  ft.  thick  and  built  alternately  draught-board  fashion,  the 
open  spaces  being  filled  with  dross.  'Spouts'  or  'shoots,'  3  to  4  ft. 
wide,  built  and  causewayed  with  pieces  of  ironstone,  are  branched 
*  Mr  Hugh  Juliustoiie,  Traru.  J/in.  Intl.  Sent.,  vol.  x.  p.  204. 
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off  straight  to  the  rise  12  to  16  yds.  apart  from  centre  to  centre. 
The  goaf  is  stowed  with  the  dangh  or  fireclay,  dross,  rough  coal, 
and  any  ironstone  not  required  for  packings.  For  convenience  in 
working,  the  walls  are  so  arranged  that  each  has  a  long  *  rise '  side 
and  a  very  short  *  dip '  side.  The  *  cannel '  coal,  which  is  the  part 
for  which  the  seam  is  principally  worked,  is  dropped  down  the  spouts 
(I  J,  fig.  130),  at  the  bottom  of  which  it  is  fill«i  by  a  'drawer.'  At 
intervals  of  about  70  yds.  travelling  roads  (L  B,  fig.  130)  are  formed 
to  afford  convenient  access  to  the  working  places  at  different  points. 
These  are  built  similar  to  the  spouts,  and  are  furnished  with  ladders. 

While  the  longwall  is  progressing,  roads  (K,  L,  M,  N,  fig.  130) 
are  driven  in  the  Stairhead  seam  at  intervals  of  40  yds.,  and 
cross-cut  mines  (G  N,  fig.  130)  are  driven  from  thence  to  the  Great 
seam,  so  as  to  strike  the  latter  before  the  longwall  headings 
reach  their  level.  From  these  mines,  intermediate  levels  (L  N, 
fig.  l30)  are  carried  across  the  working  faces  as  they  come  up,  cut- 
ting off  the  *  spouts,'  or  what  would  be,  in  ordinary  longwall,  branch 
roads.  The  rails  for  these  intermediate  levels  are  laid  upon  the 
stowage,  and  the  rise  side  of  the  road  is  timbered  similarly  to  the 
levels.  The  close  level  in  the  Stairhead  seam  (D  H,  ^g,  131)  is 
carried  in  advance  of  the  level  in  the  Great  seam,  and  from  it  cross- 
cuts (F  E,  fig.  131)  are  driven,  connecting  the  two  seams  at  intervals 
of  60  to  80  fms.,  for  the  purpose  of  cutting  off  the  out-bye  portion 
of  the  Great  seam  level  as  soon  as  the  *  spouts '  on  it  have  been  cut 
off  by  the  intermediate  level  above.  The  same  system  is  followed 
with  the  upper  levels,  the  object  being  to  *  shorten  the  life '  of  the 
roads  in  the  Great  seam  and  to  keep  the  horse  or  engine  haulage 
as  near  to  the  working  faces  as  possible.  The  method  of  building 
the  levels  and  spouts  is  shown  in  figs.  132,  133,  134.  The  stowage 
on  the  dip  side  of  the  levels  tends  to  prevent  the  roof  breaking  and 
bursting  out  on  the  roads.  The  roof  is  supported  by  *  half-rounds ' 
(D,  fig.  133),  8  in.  X  4  in.,  placed  4  ft.  apart  and  supported  at  each 
end  by  props  5  in.  diameter. 

The  walk  are  either  12  or  16  yds.  long ;  in  the  first  case  two  men 
usually  work  in  each,  and  three  men  when  they  are  16  yds,  in  length. 
Very  few  props  are  used  at  the  face,  but  the  coal  is  kept  closely 
*spragged,'  the  distance  between  the  *sprags*  or  *  holing  props' 
being  not  more  than  3  or  4  ft.  When  the  seam  lies  at  an  angle 
of  90"  or  in  a  vertical  position,  a  rather  different  method  is  adopted. 
The  plan  shown  in  fig.  135  will  explain  the  system. 

The  brake  incline  and  haulage  roads  are  made  in  the  Stairhead 
seam  as  before,  and  close  levels  are  branched  off  this  incline  at 
distances  18  yds.  apart,  and  from  each  level  a  cross-cut  mine  is 
driven  to  the  Great  seam. 

In  the  bottom  level  (A  B,  fig.  135),  6  ft.  of  stowage  is  kept  below 
the  rails,  and  the  rise  side  of  road  is  well  timbered.  The  height 
of  the  roads  is  5 J  ft.  clear.     The  'rise'  side  of  tlie  place   is  kept 
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trailing  bo  as  to  form  an  angle  of  45°  with  the  road.  Aa  soon  aa  this 
level  has  been  opened  up  sufficiently  to  let  the  rise  side  reach  the 
level  of  the  cross-cut  mine  (C),  roads  from  this  mine  are  laid  on  the 
top  of  the  stowage,  their  rise  sides  being  timbered,  and  the  working 


I.  132.— Method  of  BUpporting' shoots.' 


Via.  133.— Method  of  au[iportdnglBvel,  Fio.  IS*.— Face  of  working. 

is  again  ext«ndcd  to  the  cross-cut  above  (D),  and  so  on  to  the  top  of 
the  brake  incline. 

The    roof   in   this   working   forms   one  side   of   the  road,  and  is 
supported  by  half-round  crowns,  6  in.  x  8  in.  x  4  is.  and  4  ft.  apart, 
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the  upper  end  of  the  crown  being  built  into  the  timbering  and  the 
lower  end  into  the  stowage.  The  brake  inclines  are  usually  200 
fms.  apart,  and  the  coal  is  worked  for  a  distance  of  100  fms.  on 
each  side 

At  KiUvth,  Stirlingshire,  the  seams  sometimes  lie  at  an  angle 
varying  from  30°  to  45°,  and  here  both  stoop  and  room  and  longwall 
working  are  practised.  A  main  incline  is  driven  right  from  the 
surftice  to  the  dip  of  the  seam,  and  the  coal  is  worked  in  'lifts'  or 
'benches'  of  about  100  fms.  each.  At  each  of  these  'lifts'  levels 
are  set  away  on  each  side  of  the  main  incline  (A  B,  tig.  136).  These 
levels  are  filled  on  the  dip  side  to  make  the  rails  tie  as  horizontally 
as  possible.     From  these  levels,  which  are  usually  12  to  15  ft.  wide, 
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Fio.  136.— Highly  inclined  working  at  Rils3rth. 


roads  are  set  to  the  rise,  and  pillars  formed  about  22  yds.  square, 
the  openings  being  the  same  aa  tn  tlie  levels.  On  every  tbird  or 
fourth  roadway  to  the  rise,  the  coal  ia  brought  down  to  the  main 
level  by  'cuddie  braes,'*  wbich  work  well  enough  up  to  inclines  of 
about  1  in  1 J  or  1  in  3 ;  when  they  exceed  this,  the  coal  slides  down 
the  openings,  and  is  filled  at  the  levcla  into  the  tubs,  two  planka 
being  put  across  the  mouth  of  the  opening  to  prevent  the  coal  from 
sliding  out  into  the  main  levels. 

As  the  coal  is  chiefly  used  for  coking,  the  percentage  of  droes  is 
of  no  consequence,  pulverisation  being,  in  any  case,  necessary. 
After  a  lift  of  100  fms.  has  been  turned  into  pillars,  these  are  them- 
selves extracted,  by  taking  as  many  'slices'  as  possible  across  level 
course,  and  a  few  lifts  to  tbe  full  riae.  The  tubs  are  drawn  up  the 
main  incline  in  sets  of  six  or  seven,  each  tub  holding  about  8  owts. 
'Term  nwd  in  Scotland  for  balance  inolineor  jig  brow. 
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of  coal,  and  being  filled  only  level  with  the  sides.  A  comparatively 
wide  gauge  roadway  is  used,  the  width  between  the  rails  being  3  ft. 
3  in.  This  is  found  necessary  to  prevent  the  tubs  from  over- 
balancing in  the  levels. 

Main  inclines  from  the  surface  work  very  well  when  the  distance 
is  not  very  great  (300  fma.  or  so),  and  when  the  inclination  is  steep 
enough  to  admit  of  a  cage  being  used,  but  where  the  inclination  is 
between  30°  and  45°  vertical  shafts  are  to  be  preferred,  as  offering 
better  facilities  for  winding  and  for  dealing  with  water. 

At  the  Shamrock  Colliery,  Westphalia,  where  the  seams  dip  at  an 


Fio.  137.— Method  of  working  at  Shamivck  Collisry. 

angle  of  45°,  a  rather  peculiar  and  complicated  method  of  working  is 
carried  nut*  The  aeam  worked  is  from  7  to  6  ft.  thick,  and  consists 
of  a  single  bed  of  coal  without  any  bands  of  dirt,  the  holing  being 
done  neit  the  floor.  The  method  of  working  adopted  is  ilhistrated 
in  fig.  137.  It  is  carried  out  in  stages  or  panels  of  200  yds.  from 
top  to  bottom,  each  panel  being  served  by  a  main  or  bottom  level. 
The  ground  between  two  main  levels  is  divided  into  great  blocks  or 
pillars  330  yds.  wide,  by  headings  B  B  driven  to  the  rise,  which 
serve  as  self-acting  inclined  planes  for  letting  the  coal  down  to  the 
bottom  level.  These  large  blocks  are  subdivided  horizontally  into 
three  parte  by  two  intermediate  levels,  and  into  two  parts  on  the 

*  Leeturet  on  Mining,  subj.  G,  pp.  8S-SG,  b;  Prof.  Wm.  Gslloway. 
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line  of  dip  by  the  central  heading  A,  which   is   used   for   sending 
rubbish  down  into  the  workings. 

At  the  point  where  the  central  heading  A  intersects  the  higher 
level,  a  small  shaft  X,  20  ft.  deep,  is  sunk  to  serve  as  storage  room 
for  this  rubbish,  which  is  used  for  filling  up  the  workings.  The 
bottom  of  this  shaft  is  connected  to  the  central  heading  A  by  a  short, 
level,  cross-measure  drift.  All  the  rubbish  which  results  from  the 
driving  of  cross-measure  drifts,  and  from  the  enlargement  of  road- 
ways, etc.,  as  well  as  that  brought  from  the  surface,  is  tipped  into 
this  shaft,  from  which  the  men  who  attend  to  the  stowing  of  the 
workings  derive  their  supplies,  which  are  subsequently  sent  down 
the  central  incline  A  into  the  workings  of  the  three  sub-stages.  The 
three  sub-stages  provide  six  level-course  working  places,  three  at  the 
points  L,  M,  N,  and  three  at  the  corresponding  points  0,  P,  Q,  on 
the  opposite  side  of  the  heading  A.  While  the  three  working  places 
on  one  side  of  the  central  incline  are  producing  coal,  the  three  on 
the  other  side  are  being  stowed,  and  vice  vtrsd.  When  the  work  of 
stowing  the  three  places  on  one  side  has  been  completed,  the  stowers 
and  miners  exchange  places.  Protection  pillars  having  been  left  on 
the  sides  of  the  central  incline,  these  are  now  taken  out  and  replaced 
by  stowing  after  the  sub-stages  have  been  exhausted.  The  lower 
end  of  the  central  heading  is  always  stowed  up  carefully  at  the 
commencement,  in  order  that  the  air  which  enters  by  the  lower  cross- 
measure  drift  may  be  compelled  to  pass  to  the  right  and  left  of  the 
sub-stage  workings.  It  then  finds  its  way  up  the  coal  inclines,  along 
the  haulage  roads  to  the  working  places,  along  the  faces  to  the 
central  incline,  and  through  the  latter  into  the  next  higher  level. 

In  the  accompanying  illustration,  A  A  are  central  inclined  planes,  in 
which  the  rubbish  is  let  down  from  the  liiglier  level ;  B  B  are  inclined 
planes  for  letting  down  coal  into  the  lower  level ;  C  C,  bottom  level 
of  the  stiige  which  is  being  worked,  stowed  with  rubbish ;  D  D  and 
E  E,  levels  of  the  sub-stages,  also  stowed  up ;  and  F  F,  roads  along 
which  the  coal  is  hauled  from  the  working  places  to  the  inclines. 

G  G  are  roads  along  which  the  stowing  is  hauled  from  the  central  in- 
cline to  the  working  places.  After  these  have  been  driven  out  to  the 
limit  of  the  sub-stage,  these  roads  become  hauling  roads  for  coal  from 
the  working  places  next  above.  J  J  are  protection  pillars,  and  H  H 
doors  provided  with  regulators  for  distributing  the  ventilating  current 
to  each  set  of  working  places.  L,  M,  and  N  are  working  places  which, 
after  producing  coal  for  a  certain  time,  are  eventually  stowed  up, 
and  0,  P,  Q  are  places  which  are  in  process  of  being  stowed  with 
rubbish,  and  are  afterwards  occupied  as  working  places  for  coal. 

R  S  are  short  cross-measure  drifts  to  a  lower  seam,  16  in.  thick, 
in  which  a  level  is  driven  under  the  workings  of  the  lowest  sub-stage 
to  form  a  communication  with  the  main  cross-measure  drift  for 
haulage  and  ventilation.  The  cost  of  working  by  this  method,  with 
complete  stowing,  is  returned  at  2/0'7d.  per  ton  got,  including  the 
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coat  of  lajiding  the  coal  at  the  bottom  level,  tt  v/an  found  from 
experience  that  the  additional  proportion  of  large  coal  obtained  by 
this  system  of  working  compensated  to  a  great  extent  for  the 
additional  cost  of  complete  stowing. 

At  the  Teala  Mines,  Alameda  County,  CalifornitL,  seams  of  coal  are 
worked  which  have  an  inclination  of  60°.*  In  one  of  these  seams 
they  have  adopted  a  system  called  the  Angle  Method  of  Working. 
This  system  is  illustrated  in  Bg.  138. 

In  this  system  the  gangway  chutes  are  driven  at  right  angles 
to  the  strike  of  the  seam  40  ft.  up  the  pitch ;  a  cross-cut  6  ft.  by 
5  ft.  is  then  driven  parallel  with  the  gangway.  From  tins  cross-cut, 
chntes  are  driven  at  an  angle  of  35°,  at  the  same  distance  apart  as 


Flo,  188.— Angle  sjaUni  of  working  at  Tusla  Mints,  Culifbrniii. 

the  gangway  chutes  (30  ft.) ;  cross-cuts  for  ventilation  being  driven 
every  40  ft.  between  the  chutes.  After  a  panel  of  five  or  more 
chutes  lias  been  driven  for  the  required  distance,  work  is  commenced 
on  the  upper  outside  pillar,  the  pillars  on  that  lino  are  drawn  and 
the  next  line  of  pillars  attacked,  and  this  is  continued  until  tlie  panel 
or  block  is  worked  down  to  the  cross-cut  over  the  gangway.  About 
every  80  ft  in  this  level  it  is  found  advaiitogeous  to  pack  a  row  of  cogs, 
parallel  with  the  strike  of  the  seam,  as  the  pillars  arc  taken  out. 
This  serves  to  prevent  the  crushing  of  the  pillars,  and  prevents  any 
accidents  from  falls  of  rock. 

In  the  regular  working  places  little  timber  is  reipiired,  as  the  roof 
is  very  good.  It  is  claimed  for  this  system  of  working  that  the  coal 
undergoes  less  breakage  than  in  the  method  where  vertical  chutes 
are  used,  while  in  the  matter  of  timber  a  considci'able  saving  can  be 

•  Mines  and  Minerids,  Oct.  189". 
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In  the  No.  7  or  Summit  aeam  a  rather  different  method  has  been 
adopted.  Thia  ueam  averages  7  ft.  of  clear  coal  without  foreign 
matter  of  any  kind.  The  roof  ia  good,  being  couipoaed  of  a  shelly 
slate,  while  the  floor  its  a  hard,  compact  sandstone,  and  it  is  in  this 
that  the  chutes,  airways,  inclines,  and  other  openings  necessitated  by 
this  method  of  working  and  the  characteristics  peculiar  to  the  seam 
are  driven.  The  method  of  working  this  seam  is  shown  in  fig,  139. 
Two  double  chutes  are  driven  up  the  pitch,  or  to  the  full  rise,  at  a 
distance  of  36  ft.  apart,  connected  every  40  ft.  by  cross-cuts,  one 
side  of  each  chute  being  used  for  coal  and  the  other  side  as  a  nuuiway 
and  air  course. 

When  the  seams  are  thin  and  highly  inclined,  a  method  of  working 
termed  '  Qradiiu  Renvergea '  or  '  inverted  steps '  is  often  adopted  in 


a 

Flo,  139. — Method  of  working  the  Siuimut  Beam  at  TmIa  Mines,  Oalifornis. 

Belgium  atid  other  European  countries.  The  seam  is  worked  in  the 
longwall  method,  with  the  face  advancing  in  the  line  of  strike. 
The  system  is  much  like  that  adopted  at  the  Niddrie  Collieries, 
which  has  already  been  fully  described.  The  working  face  advances 
in  the  direction  indicated  by  the  arrow  (fig.  140).  The  miner, 
standing  on  a  planking  beneath  him  or  perched  on  the  props  stan- 
chioned between  the  roof  and  floor,  operates  on  the  vertical  face  of  the 
coal  in  his  stall,  while  solid  coal  overhangs  him.  D  is  the  drawing 
road  leading  to  the  main  haulage  road,  and  receives  the  coal  from 
the  stalls  through  tlie  chimney  C  C,  left  in  the  gob  or  waste.  Each 
chimney  is  provided  at  the  bottom  with  a  hopper  door,  which  is 
opened  wlicn  a  tub  is  brought  under  it  to  be  filled.  As  far  as  possible 
it  is  sought  to  keep  the  chimneys  full  of  coal,  but,  even  with  careful 
supervision,  this  is  not  always  attained.  An  obvious  inconvenience 
attaching  to  these  chimneys  is  the  liability  of  the  coal  to  get  jammed, 
while  they  always  present  a  source  of  danger  to  the  passage  of  men 
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over  tliem.  The  height  of  a  step  or  stall,  which  vajicfi  in  diflforeat 
localities  from  2  to  4  yds.,  is  determined  by  local  ctrcumstanceB,  chief 
among  these  being  the  nature  of  roof  and  pavemeut,  the  amount  of 
gas  constantly  given  off  from  the  coal,  and  the  liability  to  sudden 
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outbursts  of  gtu).      Other   things   equal,    the    height  of  each    step 
regulates  the  rate  of  daily  advance. 

When   the  height  given  to  a  stage  is  considerable,  one  or  more 
intermediate  or  f^ae  levels  (A  A,  fig.  141),  communicating  with  the 


Fio.  m. — WotkinR  by  '  inverted  stejw.' 

lower  level  by  means  of  inclined  planes  through  the  gob,  serves  to 
divide  the  distance  and  to  limit  the  length  of  tiie  chinmeys. 

Doable  and  Single  Stall  Hethods.— In  South  Wales  a  method  of 
working  is  adopted,  which  is  peculiar  to  that  district,  although,  in 
some  of  the  other  coal-fields  of  Britain,  modifications  of  this  system  of 
working  are  sometimes  met  with. 
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This  ia  the  siugle  atall  system,  in  irhich,  instead  of  a  pair  of  narrow 
Icvck  betDg  drir<;ii  as  in  ordinary  pillar  and  utall  working,  a  Btall 
about  8  yds.  wide  is  carried 
forward. 
*  Any    rubbish     that     is 

found  in  the  seam  is 
tightly  stowed  in  the  place 
sa  it  advances,  a  drawing 
road  being  Formed  on  the 
down-side  next  the  coal, 
while  on  the  up-side  an 
air-way  is  formed.  When 
the  main  levels  have  been 
driven  out  a  considerable 
distance  to  form  a  shaft 
pillnr,  headings  of  the 
same  width  as  the  levels 
(8  or  9  yds.)  are  set  awray 

1  to  the  full  rise,  with  the 
£.  drawing  road  and  air-way 
s  formed  in  the  same  way. 
^  From  these  headings, 
■S  stalls,  parallel  to  the  main 
.3_  levels  or  level-course,  are 
"  branched  off  every  20  to 
<;j  24  yds.  between  centres. 
—    These  stalU  are  driven  6 

2  or  7  ft  wide  for  a  few 
yards,  when  they  are 
opened  out  to  10  or  12 
yds.,  according  to  the 
amount  oF  rubbish  avail- 
able and  the  depth  from 
the  surface.  The  stalls 
are  worked  to  exactly  the 
sanie  manner  as  the  levels 
and  headings,  the  roadway 
being  formed  on  the  down- 
side oF  the  road  and  the  air- 
way on  the  rise,  the  space 
between  firmly  packed. 

Headings  are  driven  off 

the  levels  at  distances  oF 

100  yds..  Forming  a  sort  of 

panel,  and  a  narrow  drift  is  formed  in  each  oF  these  panels  between 

the  uiain  level  and  the  lower  stall  (B,  6g.   142)  to   admit  oF  air 

passing  from  the  main  level  into  the  stall  workings. 
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The  stalls  of  the  heading  are  driven  out  for  a  distance  of  75  yds., 
aud  then  they  are  driven  narrow  for  a  distance  of  15  yds.  or  bo,  until 
the  next  heading  is  cut  into,  thuD  forming  a  connection  between  the 
different  headings  for  ventilation.  When  the  second  heading  has 
been  put  up  and  stalls  formed  off,  parallel,  and  opposite  to  those  on 
the  first  heading,  the  stalls  first  driven  are  then  worked  (to  the  first 
heading),  leaving  a  pillar  15  yds.  thick  to  protect  the  headings.  The 
pillar  between  the  stalls  is  thus  brought  back  to  the  required  distance. 
The  same  process  is  carried  on  throughout,  headings  being  turned  off 
the  main  levels  at  regular  intervals,  and  a  block  of  coal  is  left  along- 
side the  main  road  until  the  latter  has  reached  its  destination,  when 
it  may  be  worked  back  towards  the  shaft. 

The  double  stall  system  is  similar  to  the  single  stall  system,  with 
the  exception  of  the  stalls  being  driven  very  much  widei*,  and  two 
roadways  being  formed  instead  of  one  roadway  and  an  air-way.  Main 
levels  arc  driven  out  from  each  side  of  the  shaft  as  before,  but  in 


Fm.  li3.-DDublesUUKyHt«u. 

double-stall  working  these  levels  are  often  driven  narrow,  9  ft.  or  so, 
and  headings  are  put  away  to  the  full  rise,  H  yds.  wide,  a  block  or 
panel  of  coal  of  90  yds.  being  left  between  the  headings.  From  these 
headings  roads  are  turned,  parallel  to  the  main  level,  but  instead  of 
these  being  single  roads,  as  in  the  single  stall  system,  two  roads  are 
set  away  with  18  yds,  of  coal  between  them,  and  after  being  driven 
a  short  distance  they  arc  opened  out  and  connected,  thus  forming 
a  place  22  to  24  yds.  wide.  The  roads  are  formed  one  on  each  side 
next  the  solid  coal,  and  the  space  packed  between  them,  and  in  this 
way  they  are  carried  forward  until  within  15  yds.  of  the  neit  head- 
ing, when  one  of  the  roads  is  continued  through  to  tlic  heading  and 
forms  an  air- way.  The  pillar  left  between  two  stalls  is  then  worked 
back,  each  rood  taking  a  slice  equal  to  half  the  pillar  or  about  6  yds. 
This  back-lift  is  brought  to  within  30  ft.  or  so  of  the  heading,  being 
left  for  protection  until  the  latter  is  finislied,  when  it  may  be 
extracted. 

These  systems  of  working  are  best  suited  for  seams  having  a  large 
amount  of  rubbish  with  which  to  stow  the  space  between  the  roads 
properly,  because  if  the  separating  pack  is  nut  well  Imilt  the  ventila- 
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tion  will  suffer.  A  large  percentage  of  the  coal  in  both  systems  is 
either  lost  or  rendered  useless  through  the  small  pillars  or  stumps 
left,  for  protecting  the  headings  and  levels,  becoming  crushed  to  dust, 
and  it  is  a  question  if  longwall  would  not  be  in  any  case  better  suited 
in  districts  where  single  or  double  stall  is  now  worked- 

Working  Thick  Seams. — In  Britain,  and  also  in  other  European 
countries,  seams  of  great  thickness  are  found,  which  are  often  difficult 
to  work. 

At  Quarrelton,  near  Johnstone,  Scotland,  a  very  thick  seam  of 
coal  is  found,  60  to  90  ft.  thick,  in  a  trough  or  basin ;  but  here  the 
seam,  being  found  near  the  surface,  was  worked  chiefly  on  the  open- 
cast principle.  Shafts  were  also  sunk  to  win  some  of  the  deeper  and 
more  thickly-covered  parts,  but  the  coal  being  of  poor  quality  and 
ready  to  take  fire,  little  has  been  worked. 

In  South  Staffordshire  the  valuable  *  Dudley  Thick  '  or  *  Ten  Yard 
Seam '  is  found,  of  a  thickness  varying  from  25  to  37  ft. 

This  seam  has  been  worked  at  various  times  in  three  different 
ways,  viz. : — (1)  Square  work;  (2)  longwall,  the  face  being  extracted 
in  two  portions ;  (3)  longwall,  the  whole  of  the  face  being  removed 
at  one  operation. 

The  first  method  is  the  one  that  is  most  largely  and  successfully 
followed,  the  other  two  methods  being  almost,  if  not  quite,  abandoned. 

In  working  this  thick  seam,  no  matter  what  system  is  adopted,  it 
is  an  invariable  rule  to  first  drive  out  the  roads  to  the  boundary  of 
the  royalty  and  then  work  back  towards  the  shaft. 

Square  Work,  —  In  this  method  of  working  after  the  gate-road  and 
air-head  (A  and  B,  fig.  144)  have  reached  the  boundary  of  the 
royalty,  the  first  operation  is  to  drive  a  narrow  head  called  a  bolt- 
hole  (C,  fig.  145).  When  this  has  reached  a  distance  of  between  10 
and  15  yds.,  its  width  is  increased  to  6  or  even  9  yds.,  when  it 
practically  becomes  a  stall  (D,  fig.  144).  In  driving  these  stalls,  the 
next  step  taken  is  to  *  hole  ^  or  *  kirve  *  the  benches  for  a  distance  of 
about  9  yds.,  the  roof  being  supported  by  small  cogs  of  slack  and 
timber  or  by  short  sprags.  The  *  slipper '  and  *  sawyer '  parts  of  the 
seam  will  then  be  vertically  cut  on  both  sides  of  the  stall,  '  spurns,' 
or  intervals  of  solid  coal,  being  left  every  6  ft.,  as  in  the  case  of  gate- 
roads.  When  these  *  spurns'  are  removed,  it  frequently  happens 
that  the  'patchells'  and  *  stone'  coal  fall  with  the  'slipper'  and 
*  sawyer ' ;  if  this  occurs,  the  sides  are  dressed  straight  and  timbering 
put  in  to  support  the  roof.  Further  lengths  of  9  yds.  are  similarly 
attacked  in  the  stall  (C,  fig.  144),  until  the  back  rib  is  reached. 
While  this  has  been  going  on,  other  stalls  (E,  F,  G,  fig.  145) 
have  been  driven  in  the  directions  shown  by  the  dotted  lines,  and 
finally  the  pillars  will  be  *  thirled'  by  means  of  the  short  lengths 
shown  (K,  L,  M,  N,  0,  fig.  145).  After  the  driving  of  the  stall  R, 
the  side  of  work  is  fully  opeAed,  and  cutting  in  of  the  top  coal  begins. 

This  proceeds  in  the  same  manner,  each  layer  or  bed  of  coal  being 
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FiOB.  144,  14G,  140.— Working  thick  ssam  in  South  3taBbrdshin. 
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removed  iD  ascending  order.  If  the  roof  is  very  good  a  long  range 
can  be  taken,  but  it  is  far  better  to  carry  out  this  part  of  the  work 
in  short  ones;  distances  of  20  yds.  being  taken  and  a  timber  eog 
built  up  to  the  roof.  A  vertical  groove  will  then  be  cut  on  each  side 
of  the  stall  and  on  the  face  of  the  cog,  treating  the  latter  as  if  it 
were  solid  coal,  spurns  being  left  as  before ;  tlieir  appearance  when 
the  'brazils'  and  'heath'  coal  are  being  cut  is  shown  iu  fig.  146. 
When  these  'spurns 'are  taken  out  (as  shown  at  B,  fig.  146)  and  the 
timber  removed,  the  whole 
maBS  within  the  portion  cut 
falls  down  and  is  ready  for 
loading  up.  Ijimilarly  a  layer 
of  top  coal  is  removed  all 
over  the  side  of  the  work, 
and  when  this  is  done  the 
'white'  coal  and  then  the 
top  'slipper'  coal  will  be 
attacked,  and  the  same  cycle 
of  operations  gone  through, 
until  these  seams  have  been 
cut  in.  No  attempt  is  made 
to  get  the  '  roo^ ' ;  some- 
times, however,  they  break 
down  without  the  super- 
incumbent strata  following, 
in  which  case  they  are  re 
moved  as  speedily  as  possible. 
In  cutting  the  top  coal,  the 
workmen  stand  on  a  plat- 
form, constructed  by  cutting 
two  holes  in  the  solid  coal 
"""  and  inserting  short  timbers, 

on  which  a  plank  is  placed.  A  frequent  occurrence  is  to  build  timber 
cogs  up  to  the  roof  when  the  bottom  coals  have  been  removed  ;  these 
cogs  being  placed  in  the  openings  between  the  solid  pillars  of  coal, 
and  when  ttus  is  done  the  latter  are  reduced  in  a  marked  degree. 

The  other  two  methods  of  working  have  not  given  such  good 
results  as  'square'  work,  owing  to  the  large  amount  of  dross  pro- 
duced, while  a  smaller  yield  per  acre  was  likewise  obtained  by  both 
the  alternative  longwall  systems. 
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CHAPTER  IX. 

TIMBERING  ROADWAYS,  Etc. 

Necessity  for  Timbering. — When  roadways  are  opened  out  under- 
ground, they  must  be  efficiently  supported  in  order  to  keep  them 
secure  and  safe  for  traffic.  Upon  the  artificial  supports  which  are 
generally  used  depend  the  lives  of  those  employed,  and  the  regularity 
of  the  coal  output.  The  proper  timbering  of  underground  workings 
is  therefore  of  the  utmost  importance.  When  it  is  remembered  that 
about  50  per  cent,  of  the  total  number  of  accidents  which  occur 
underground  are  due  to  falls  of  roof  and  sides  in  the  roadways  and 
at  the  coal-face,  the  necessity  of  paying  considerable  attention  to 
proper  spragging  and  propping  becomes  even  more  manifest. 

A  bad  roof  is  often  defined  as  one  which  requires  the  application 
of  systematic  support,  while  a  good  one  is  supposed  to  require  no 
such  methodical  treatment.  The  principle  which  should,  however,  be 
observed  is  "  that  timbering  is  not  for  a  bad  roof  only  :  it  is  intended 
to  prevent  a  so-called  good  roof  from  becoming  bad." 

A  roof  may  be  bad  in  itself,  owing  to  the  slight  cohesion  of  its 
particles,  as  in  a  fireclay  roof.  It  is  then  called  'tender.'  What 
may  be  a  good,  strong  roof  in  itself  may,  on  the  other  hand,  be  so 
full  of  *  lipes '  and  *  faults  *  as  to  form  a  very  treacherous  roof.  As 
already  shown  (Chap.  VIII.,  p.  137),  the  difficulty  or  otherwise  of 
maintaining  a  roof  will  depend  a  great  deal  on  the  direction  in  which 
the  roadways  are  driven,  t.e.  at  right  angles  to  the  cleavage  in  the 
roof  or  parallel  with  it. 

Mr  A.  R.  Sawyer  *  says  : — "  It  is  fallacious  to  suppose  that  what 
are  called  bad  roofs  need  be  productive  of  more  accidents  than  good 
roofs.  Roofs  containing  numerous  dislocations,  lying  much  in  the 
same  direction,  necessitate  a  specially  systematic  kind  of  timbering, 
which  will  ensure  comparative  safety;  while  a  good  roof,  in  which 
dislocations  occur  rarely,  but  unexpectedly,  may  be   fraught   with 

Note, — The  greater  port  of  this  chapter  is  from  a  paper  on  '^Timbering  and 
Supporting  Underground  Workings,"  read  by  the  author  before  the  Mining 
Institute  of  Scotland,  December  1898,  and  published  in  the  Transaelions  of  the 
FedercUed  InstUiUion  of  Mining  Engineers^  vol.  xvi  pp.  280-248. 

*  Accidents  in  Mines,  1886,  by  Mr  A.  R.  Sawyer,  p.  28. 
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danger  from  the  want  of  a  rigid  method  of  timbering,  irrespective  of 
whether,  in  individual  places,  posts  are  absolutely  required  or  not." 

The  timbering  of  the  working  is  done  sometimes  bj  the  miners 
themselves,  and  sometimes  by  special  workmen.  In  Northumberland 
and  Durham  the  whole  of  the  timbering  at  the  faces  or  walls  is  done 
by  'deputies,'  these  men  devoting  their  whole  time  to  the  work, 
while  the  colliers  at  the  face  have  nothing  to  do  with  the  propping. 
In  other  districts,  as  in  Lancashire,  Wales,  and  Scotland,  the  whole 
of  the  timbering  at  the  working  faces,  and  often  for  some  distance 
back  in  the  roadways,  is  performed  by  the  colliers  themselves. 

Much  difference  of  opinion  exists  as  to  which  is  the  better  and 
safer  method.  The  writer  is  of  opinion  that  the  system  of  making 
the  miner  responsible  for  the  timbering  is  the  one  most  likely  to 
secure  attention  to  the  safety  of  the  roof  and  sides.  The  miner, 
being  continually  employed  in  his  own  stall,  is  more  likely  to  detect 
any  change  in  the  condition  of  the  roof  than  a  deputy  who  only  visits 
the  stalls  at  intervals.  The  miner,  too,  is  always  at  hand  to  set  a 
prop  in  cases  of  emergency,  and  w^ill  take  an  interest  in  keeping  his 
place  secure  for  his  own  sake.  It  has  been  urged  that  no  man  is 
more  careless  of  his  own  safety  than  the  miner,  and  perhaps  there  is 
some  truth  in  this,  even  good,  reliable  men  often  falling  victims  to 
their  own  carelessness.  While  the  miner  ought  to  have  the  proper 
timbering  of  his  working  place  in  his  own  hands,  more  power  ought  to 
be  invested  in  those  supervising  his  work,  such  as  firemen,  to  compel 
the  adoption  of  a  systematic  method  of  propping  and  to  put  up  props 
at  stat^  distances  apart,  whether  the  roof  appears  good  or  not. 

The  Royal  Commission,  in  their  Report  on  Accidents  in  Mines, 
recommended  attention  to  the  following  points : — 

The  maintenance  of  ample  supplies  of  timber  in  localities  convenient  to  the 

workmen. 
The  proper  training  of  each  miner  to  the  best  method  of  timbering  and 

otherwise  protecting  his  working  place. 
The  exercise  of  increased  care  on  the  {Mirt  of  the  workmen  in  watching  the 

roof,  sides,  and  faces,  and  protecting  themselves  in  time. 
The  introduction,  as  far  as  possible,  of  arrangements  with  the  workmen, 

which  will  make  it  their  interest  not  to  avoid  the  labour  of  putting  up 

the  necessary  timber  for  their  protection. 
The  employment  of  special  timber  men  or  deputies  for  the  timbering  of  the 

main-ways,  and  also  for  the  repair  as  well  as  the  dravdng  of  timber. 
Preventing  timber  being  left  in  the  goaf  of  longwall  workings  which  would 

have  the  effect  of  breaking  the  roof. 
Drivinff  the  working  places  as  rapidly  as  possible,  by  shifts  of  an  ample 

number  of  workmen  at  each  face,  and  so  reducing  the  risk  of  falls  and 

exposing  the  least  number  of  men  to  danger  at  any  one  time. 

These  instructions,  if  they  could  be  rigidly  carried  out,  would  tend 
in  a  large  measure  to  reduce  the  number  of  accidents  to  a  minimum. 
It  is,  however,  impossible  to  lay  down  any  general  rule  for  the 
timbering  of  mines  which  would  be  satisfactory  under  all  circum- 
stances, and  applicable  to  all  mining  districts. 
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Timbering  may  be  divided  into  two  distinct  operations,  namely  : — 

Timbering  the  working  faces. 

Timbering  or  supporting  the  drawing  and  main  roads. 

The  timbering  or  supporting  of  the  roof  may  be  done  in  a  variety 
of  ways,  according  to  its  nature  and  that  of  the  floor  and  sides,  and 
may  be  carried  out  as  follows  : — 

By  packing  the  waste  entirely,  where  sufficient  rubbish  can  be  got,  and 

timbering  at  the  face  and  roads,  as  in  longwall. 
By  partial  packing  of  the  waste  or  goaf,  by  buildines  or  stone  pillars 

with  intervening  spaces,  and  timbering  at  the  face  and  roads. 
By  timbering  at  the  face  and  in  the  roads,  and  leaving  wood  or  stone 

pillars  in  tne  waste  as  supports.    This  is  the  usual  practice  where  the 

seam  yields  no  packing  material. 
By  timbering  alone,  witnout  any  packing  whatever,  as  in  bord  and  pillar, 

or  in  longwall  on  the  retreating  system. 
Supporting  the  main  roads  with  brick  arching,  steel  or  iron,  or  with 

combinations  of  masonry  and  iron,  or  steel  work. 

Timber. — For  underground  work  the  different  varieties  of  timber 
used  in  Great  Britain  are  larch,  Scotch  iir,  Norwegian  pine,  and  some- 
times oak  and  beech. 

For  ordinary  timbering  Scotch  fir  is  largely  used,  particularly 
where  the  timber  does  not  require  to  be  heavy,  and  where  the 
pressure  is  not  great ;  but  in  haulage  and  main  roads  that  require  to 
be  kept  open  for  some  time,  larch  has  been  found  to  give  the  best 
results,  both  as  regards  durability  and  economy. 

Oak  is  an  excellent  wood  where  great  pressure  is  likely  to  be  met 
with,  but  the  cost  of  such  timber  is  high,  and  it  is  difficult  to  get 
straight  pieces  of  any  length,  while  it  is  also  a  difficult  wood  to  dress. 

Beech  props  are  short-grained,  more  or  less  brittle,  and  break  off 
short  under  crushing  stresses.  Their  great  weight,  too,  as  compared 
with  other  wood,  and  the  consequent  difficulty  in  handling  them, 
militates  against  their  use  underground. 

Any  wood  that  is  long-grained  and  elastic,  and  will  yield  to  pressure 
or  thrust,  is  suitable  for  mine  timber,  because  props  of  such  wood 
often  serve  the  purpose  for  which  they  are  used,  even  when  partially 
fractured. 

Methods  of  Support. — In  timbering  at  the  face,  single  props  are 
usually  set  with  a  *  lid '  or  *  bonnet '  on  the  top.  The  *  lid '  may  be 
either  a  square,  half-round,  or  round  piece  of  timber.  Very  often 
fractured  props  are  sawn  in  pieces  for  this  purpose.  The  lid  prevents 
the  weight  from  coming  on  the  prop  suddenly  and  fracturing  it ;  it 
also  gives  additional  resistance  to  the  prop,  and  spreads  the  pressure 
over  a  larger  area.  In  mines  where  the  pavement  (floor)  is  hard  and 
slippery,  the  props  are  often  pointed,  so  that  they  will  crush  up  when 
the  pressure  comes  on,  and  grip  the  floor,  and  thus  be  prevented 
from  sliding  away  at  the  foot.  Figs.  148  to  153  show  some  of  the 
methods  of  setting  single  props  adopted  at  the  working  face. 
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Wooden  chocks  or  pillars  are  also  largely  used  for  supporting  the 
roof  in  main  roads,  particularly  in  longwall  workings  where  there  is 
insufficient  ruhbish  to  completely  pack  the  entire  goaf. 

These  wood  chocks  are  composed  of  either  round  or  square  pieces 
of  timber,  from  3  to  6  ft.  long,  and  sometimes  larger. 

The  pieces  of  timber  are  laid  lengthwise  horizontally,  and  another 
layer  is  laid  on  at  right  angles,  this  alternation  being  continued  up 
to  the  roof,  the  topmost  layer  being  driven  tight  with  wedges. 


Figs.  148-163. — Methods  of  supporting  roof. 

The  open  spaces  between  the  layers  of  timber  are  sometimes  filled 
in  with  rubbish.  If  the  chocks  have  to  be  withdrawn,  as  they  often 
are  in  longwall  faces,  they  are  built  on  a  layer  of  loose  material,  3  or 
4  in.  thick,  which  facilitates  their  removal  when  required  (fig.  154). 

In  setting  props  at  the  face  it  is  unusual  to  set  them  at  right 
angles  to  the  inclination  except  in  flat  seams;  the  greater  the  in- 
clination the  more  the  props  are  set  off  the  perpendicular,  or  *  under- 
set.' The  props  when  set  should  lie  towards  the  rise  of  the  seam, 
as  this  is  found  to  give  the  best  results.  On  the  other  hand,  they 
should  not   be  too  much  underset,  as   in  such  circumstances  they 
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offer  less  resistance  to  the  roof,  while,  as  they  also   require  to   be 
longer,  tlioy  are  conseijiiently  weaker. 

The  amount  of  'underset'  or  inclination  given  to  the  props  ought 
to  vary  with  the  degree  of  dip,  for  props  set  with  the  same  inclination 
in  a  steep  aeam,  as  in  a  comparatively  flat  one,  would  be  apt  to  fall 
out  before  the  pressure  of  the  roof  had  tighteiied  them. 


Fin.  1B4.— Wood  chock. 

Mr  A.  R.  Sawyer    gives  the  following  table,  which   shows  the 
I   and  minimum  angles  at  which   props  should  be  set   in 

Angle  or  'uDderttet'  of  props. 
Minimum.  Hkiimum. 


varying  inclinations. 


64-  3'  .  9' 

Timbering  the  roadways  is  practised  in  a  variety  of  ways,  according 
to  the  nature  of  the  roof,  floor,  and  sides.  When  the  roof  alone  requires 
support  and  the  sides  are  hard  and  firm,  a  cross-bar  will  be  sufficient 
without  it  being  supported  by  props.  The  cross-bar  is  fixed  by  '  need- 
ling '  it  into  a  hole  a  on  one  side  and  a  tapered  rest  b  on  the  other  side 
for  it  to  rest  on,  as  in  fig.  155  ;  sometimes  the  bar  rests  on  a  prop  at 
one  end,  and  is  '  needled  '  in  at  the  other  end,  as  in  fig.  1 56. 

When  the  sides  alone  cannot  be  depended  on  to  sup]>ort  the  cross- 
bar, a  common  arrangement  is  to  put  up  a  cross-bar  or  crown,  either 
round  or  half-round,  and  to  support  it  at  each  end  by  a  prop  set  at 
a  slight  angle  towards  the  centre  of  the  rood,  so  as  to  decrease  the 
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apan  and  strengthen  the  '  crown  '  (fig.  157).  Tn  this  methcxi  nothing 
requires  to  be  done  to  the  timber  beyond  cutting  it  to  the  required 
letiffth.  Where  heavy  side  pressure  along  with  roof  presaure  has  to 
be  dealt  with,  various  methods  nre  used  in  which  the  timber  la  cut 
or  notched  in  a  special  manner.  That  known  as  the  Welsh  system  of 
timbering  is  much  employed  under  suoh  circumstances,  and  ia  found 
to  give  good  results  when  the  timber  is  properly  put  up.  The  sides 
are  supported  with' lagging'  of  either  square  or  round  pieces  of  timber 
placed  longitudinally  behind  the  props.  The  '  seta '  are  often  prepared 
at  the  surface  and  sent  down  ready  for  use.     The  advantages  claimed 
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Fio.  IGfi.— Cross-bar.  Pios.  156.  167.— Cross-baTand  prop. 

for  the  Welsh  system  are  :  smaller  cost  than  in  using  ordinary  timber, 
as  shorter  crowns  are  employed  and  greater  resistance  to  side  pressure. 
On  the  other  hand,  the  increased  cost  of  preparing  the  wood  and  setting 
it  must  be  taken  into  account. 

VVhen  the  roof  and  floor  are  both  bad,  it  is  very  difficult  to  keep 
the  roads  in  good  condition  by  ordinary  methods  of  timbering,  and 
to  prevent  the  floor  from  creeping,  'sill'  pieces  are  often  used,  and 
the  props  notched  mto  them  as  well  as  into  the  crown-pieces.  These 
'aiir  pieces,  however,  have  their  disadvantages  where  the  floor  is 
given  to  creeping,  for  when  the  road  requires  adjustment,  as  it  fre- 
quently does  under  such  circumstances,  the  'sill ' 
pieces  give  trouble  and  often  occasion  the  danger 
they  were  meant  to  avert. 

At  the  great  Comstock  Mine,  where  enormous 

side  and  top  pressures  have  to  be  withstood,  a 

special  system  of  timbering  is  adopted.      Fig. 

15^  shows  the  construction  of  one  of  the  sets 

employed.      Each  set  consists  of  six   pieces — a 

sill  piece,  top  piece,  and  two  pieces  for  each  side. 

These  pieces  are  usually  cut  square  and  notched 

in  the  manner  shown.     Between  every  two  sets 

a  close  covering  of  lagging  is  laid  all  round,  top 

and    sides.      While   this   system   appears  to  be 

rather  expensive,  and  more  suited  to  rich  metalliferous  mines,  cases 

have  come  under  the  writer's  notice  in  which  it  might  have  been 

used  with  good  effect  in  coal  mines,  as  ordinary  seta  made  of  heavy 
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larch  Bometimea  ooty  tasted  about  two  weeks,  owing  to  the  great 
side  aud  top  presauree. 

When  the  roof  ia  heavy,  yet  has  no  bed  of  hard  rock  in  it,  and  the 
roads  have  to  be  driven  comparatively  wide,  such  as  in  pony  roads 
aud  at  branchings,  it  is  often  very  difticult  to  properly  support  it. 
In  Buch  circuoiatanceB,  only  the  best  heavy  larch  should  be  used,  botii 
for  crown-pieces  aud  supports.  Figs.  159,  160  show  a  method  of  sup- 
porting such  roads.  Crown-trees  are  set,  and  temporary  props  put 
up  to  the  centre.  Other  crown-trees  are  placed  at  right  angles  to 
these,  or  parallel  with  the  road  along  the  ends  of  the  croas-bars,  and 
to  those  crowns  parallel  with  the  road  the  pro])s  are  set,  the  whole 
being  firmly  fixed  with  lofting  and  wedges.     Where  roads  branch  off, 


Figs.  158,  180, — Sup|iorting  heavy  ronfs. 

diagonal  sets  are  sometimes  erected  to  assist  the  cross-sets.  Often 
when  the  road  is  very  wide,  and  two  lines  of  rails  are  used,  it  is  a 
practice  to  set  up  centre  props  as  well  as  end  ones ;  but  while  this 
undoubtedly  strengthens  the  crowns,  it  often  becom&s  a  source  of 
danger,  particularly  where  there  is  much  traffic  on  the  roads. 

On  the  Continent,  where  great  attention  ia  paid  to  timbering,  some 
peculiar  methods  are  adopted  for  the  support  of  roads.     Figs.  161, 
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162  show  two  of  these  methods.  In  the  Former  an  ordinary  set  of 
timber  'm  firet  placed  in  position,  short  props  d  d  are  then  placed  close 
against  the  main  props,  and  on  the  top  of  these  other  pieces  cc  laid 
longitudinally  and  parallel  with  the  roadway.  From  these  longitudinal 
pieces  cc,  other  posted  6  are  set  at  an  angle  so  as  to  meet  in  the  centre 
of  the  cross-bar,  where  another  bar  a  is  fixed  in  line  with  the  road. 
On  wide  roads  this  system  has  the  disadvantage  of  reducing  the 
space  considerably.  To  overcome  this  difficulty  the  method  shown  in 
fig.  162  ia  adopted. 

Here  an  ordinary  set  is  fiied  as  before,  and  the  short  pieces  and 
the  longitudinal  pieces  re  placed  as  already  described.  In  the 
centre,  and  immediately  against  the  crown-tree,  is  placed  a  shorter 
crown  b,  and  against  the  ends  of  this  short  piece  are  two  pieces  a  a 
placed  at  right  angles  or  parallel  with  the  roadway.  From  the 
longitudinal  pieces  ccoa  the  top  of  the  short  props,  posts  are  set  at 
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an  angle  to  meet  the  pieces  aa.  By  this  method  increased  space  is 
gained  in  the  roadway. 

In  6iing  the  timber  by  either  of  these  methods,  the  ordinary  sets 
are  first  placed  in  position,  and  then  all  the  auxiliary  pieces  are 
fastened  to  the  former  by  thin  wire  until  the  set  is  completed,  and 
when  the  pressure  comes  on  the  wire  is  of  no  more  use.  None  of 
these  methods  has  been  adopted,  to  any  extent,  in  this  count<'y,  and 
it  is  questionable  if  it  would  not  be  cheaper  to  build  side  walla  and 
use  iron  or  steel  girders  under  such  circumstances. 

Driving  throu^  Loose  Ground. — When  the  roof  or  sides  are  vety 
loose  and  have  a  tendency  to  'spill'  or  run,  a  special  method  of 
timbering  must  be  adopted. 

The  methods  of  securing  such  loose  ground  are  shown  in  figs.  163 
to  165.*  An  ordinary  set  is  first  placed  in  position  with  posts  aa 
and  crowns  ee,  and  if  the  floor  is  very  soft  a  sill-piece  d  is  added. 

Pieces  of  I^ging  are  then  inserted  above  the  crown-trees,  and 
driven  in  with  the  ends  pointed  upwards  a  few  degrees  off  the  hori- 
zontal. These  continue  to  be  driven  Forward  aa  the  work  proceeds. 
Other  lagging  pieces  are  driven  in  behind  the  posts,  and  also  inclined 
*  "  Methods  of  TimberiDg,"  Cai.  Stale  Mining  Burtau  SiUletiit,  No.  2. 
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oiUteanls  at  the  end  10'  to  15°,  the  side  pressure  gradually  bringing 
them  to  bear  cloeelj  against  the  prope. 

The  two  aystems  shown  in  figs.   163  to  165  are  practically   the 

same  in  principle,  but  differ  materially  in  detail.  In  fig,  163  the 
lagging  is  inserted  between  the  two  crown-trees,  which  are  separated 
by  wedge«haped  blocks,  one  of  which  is  placed  at  the  centre  and 
one  at  either  end.     The  lagging  is  then  driven  forward,  as  already 


Fio.  16G. — Timbering  in  loose  ground. 

described.  If  the  ground  is  very  heavy,  a  '  false  set '  is  erected  and 
the  ends  of  the  lagging  rest  upon  it.  Aa  the  excavation  progresses 
the  lagging  is  driven  forward,  until  the  further  ends  find  a  secure 
resting-place  on  the  regular  sets.  The  false  set  is  then  knocked 
oat  and  the  same  opteration  repeated  with  the  next  set. 

The  only  difference  between  these  two  methods  is  that  in  the  one 
(fig.  163)  there  are  two  crosB-bais — one  light  and  one  heavy  ;  while 
ID  the  other  (fig.  166)  the  h^^ng  is  inserted  beneath  the  advancing 
ends  of  the  set  next  behind.     In  both  methods  the  lagging  ia  kept 
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pointed  slightly  upwards  by  the  insertion  of  a  block  of  wood  6, 
which  is  placed  between  the  portions  already  fixed  and  those  being 
driven.  When  the  lagging  is  driven  forward  a  certain  distance,  this 
block  is  allowed  to  drop  out. 

To  facilitate  driving,  the  lagging  is  sharpened  to  a  point  at  the  one 
end.  With  these  methods,  even  with  the  greatest  care  a  quantity 
of  the  loose  ground  will  run  through  and  leave  cavities  behind. 

Cost  of  Tiinber, — The  cost  of  timbering  varies  greatly  in  different 
districts  and  at  different  collieries,  and  even  in  different  sections  of 
the  same  colliery,  and  may  be  anything  between  ^d.  and  9d.  per 
ton  of  coal  raised.  It  will  vary  with  the  nature  of  the  roof  and 
floor  and  of  the  coal,  the  inclination  of  the  seam  and  its  depth  from 
the  surface,  and  also  according  to  the  method  of  working  employed. 
The  following  table  shows  approximately  the  cost  of  timbering  in  a 
number  of  collieries  in  Great  Britain. 


Table  showing  Cost  of  Timbbb  per  Ton  of  Coal  raised. 


No.  of 

Thickness 

Depth  from 

Nature  of 

Inclination  of 

Method  of 

Cost 

Colliery 

of  Seam. 

Surface. 

1         Boof. 

* 

Seam. 

Working. 

per  Tod. 

Feet. 

Feet. 

Pence. 

1 

2ito3i 

1000 

Fairly  good 

Comparatively 
flat 

•  •  • 

Longwall 

S 

2 

2to4 

1060 

»i 

II 

2Jt 

3 

2  to  6 

1100 

Soft  roof 

•  •  « 

1} 

4 

4 

li  to  If 

1550 

Bad  roof 

1  :  5,  and  upwards 

II 

8i 

5 

2ito4 

100  to  250 

Fairly  good 

Flat,  to  1  :  15 

Longwall  and 
pillar  and  stall 

21 

6 

64 

1050 

Soft  shale 

1  :9 

Double  stall 

8 

7 

H 

850 

it 

Flat,  to  1  :  14 

Longwall 

6 

8 

H 

1200 

Shale 

1  :20 

II 

2i 

9 

7 

1700 

Good  roof 

Flat 

Pillar  and  stall 

li 

10 

5f 

1600 

n 

1  :  16  to  1  :  18 

If 

2i 

11 

64 

600 

Bad  roof 

1  :20 

Longwall 

3 

12 

5 

1800 

Good  roof 

1  :  12 

1 1 

1 

13 

5 

1200 

Fairly  good 
Good  roof 

■  ■  • 

II 

2 

14 

4 

1150 

1  :  6 

II 

h 

In  the  Government  collieries  of  the  Saar  district  of  Gerinanv,  the 
cost  of  timber  is  estimated  to  average  6d.  per  ton  of  coal  raised. 

Supporting  the  Main  Eoadways  by  Brickwork. — For  main  roads 
and  pit  bottoms,  masonry  is  used  to  a  very  large  extent,  and  prob- 
ably no  better  method  of  securing  a  road  has  been  devised.  It  is 
very  much  more  expensive  than  timber,  owing  mainly  to  the  extra 
cost  for  excavation,  but  where  a  roadway  has  to  be  used  for  a 
considerable  nmnber  of  years,  it  will  in  the  end  be  the  cheapest 
method.  There  are  two  principal  methods  of  supporting  roads  with 
masonry,  viz.,  by  building  perpendicular  side  walls  to  a  certain 
height  and  then  springing  an  arch  for  the  roof,  and  by  building  the 
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masonry  all  round  the  roof,  floor,  and  sides,  no  part  of  the  walling 
being  built  perpendicular,  but  each  part  having  a  certain  curvature. 
This  latter  method  is  undoubtedly  the  better  of  the  two,  and  masonry 
so  constructed  is  very  much  stronger,  but  it  is  also  a  great  deal 
more  expensive,  and  unless  the  road  has  to  stand  for  many  years, 
and  a  large  output  is  expected  from  it,  it  is  questionable  if  the 
expense  of  such  a  system  of  arching  would  be  justified.  For  most 
ordinary  purposes,  unless  the  floor  is  very  bad  and  given  to  creep, 
the  common  method  of  supporting  roads  by  two  short  perpendicular 
walls  and  a  top  arch  will  be  found  quite  efficient. 

The  brickwalling  is  put  in  9  in.  to  18  in.  or  24  in.  thick,  and  a 
space  should  be  left  between  the  walling  and  the  strata,  which  should 
afterwards  be  filled  in  with  fine  ashes  or  sand,  as  this  will  greatly 
assist  the  arching  when  the  pressure  comes  on  it. 

Iron  or  Steel  Supports. — Within  recent  years  the  use  of  iron 
and  steel  supports  for  underground  workings  has  greatly  extended, 
and,  in  certain  circumstances,  it  is  to 
be  recommended.  It  must,  however, 
be  remembered  that  the  conditions 
under  which  steel  or  iron  girders  can 
be  used  underground  are  altogether 
different  from  the  conditions  under 
which  the  same  materials  can  be 
used  at  the  surface.  In  the  latter 
case,  all  the  conditions  to  be  satisfied 
can  be  accurately  predetermined,  the 
size  and  resistance  of  any  supports 
required  being  ascertained  by  cal- 
culation. 

Underground,  these  conditions  can 
scarcely  be  ascerttuned  at  all,  or,  at  least,  only  very  partially ;  the 
top  weight  to  be  supported  may  be  unknown,  and  further  com- 
plications are  introduced  when  heavy  side  pressure  is  encountered. 
Instead  of  the  load  being  uniform,  as  on  the  surface,  it  is  very 
varied,  and  the  supports  are  subject  to  great  and  suddenly  applied 
pressure.  Steel  ginlers,  however,  seldom  break  under  sudden  pressure 
or  weight,  but  nearly  always  give  indications  of  such  pressure  by 
deflecting  in  the  centre.  Girders  have  been  known  to  show  5  to 
7  in.  of  deflection  under  great  top  pressure  before  breaking. 

In  a  large  number  of  mines  there  are  main  haulage  roads  and 
horse  roads  where  the  strata  have  settled,  and  where  the  pressures 
are  fairly  uniform.  In  such  roads,  steel  or  iron  supports  can  be 
used  with  advantage.  Again,  in  return  air-ways  where  the  air  is  hot 
and  foul,  and  contains  a  good  deal  of  moisture,  wood  very  rapidly 
decays  and  requires  frequent  renewal,  and,  in  such  circumstances, 
steel  or  iron  supports  may  beneficially  replace  it. 

Iron  or  Steel  Props.  —  While  iron  or  steel  is  better  suited  for 
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use  as  cross-bars  or  crowns,  props  made  of  these  materials  have  also 
been  used  at  the  face  of  longwall  workings.  They  are,  of  course, 
much  more  expensive  than  timber  props,  and  it  is  therefore  necessary 
that  they  should  be  used  only  where 
they  can  be  withdrawn  and  re-set, 
otherwise  the  cost  would  be  too 
great.  Caat-iron  props  are  not  of 
much  use,  as  they  are  heavy  and  easily 
broken. 

Steel  girders,  of  |-|-eection,  present 
a  somewhat  sharp  and  uneven  surface 
to  the  roof  or  to  the  timber  lids  when 
used.  To  overcome  this  difficulty 
Firth's  patent  prop  is  used. 

A  piece  is  cut  out  of  the  web  at 

each   end,    and   the   top   and    bottom 

flanges  turned  over,  which  enables  the 

ends  to  present  a  flat  surface  to  the 

roof  and  floor.     A  hole  a  a  is  punched 

^|1  in   the   web,   about  a  foot  from  each 

I^S  end,  for  the   insertion  of  a  hook  to 

FiQs.  187, 168.— SUel  pit  props,     aasiat   in    withdrawing  the   prop  (see 

.   figs.  167,  168). 

Steel  or  Iron  Sets. — These  are  used  in  some  collieries  in  Great 

Britain,  but  they  have  a  more  extended  use  on  the  Continent,  where, 

as  already  stated,  more   heed    is   paid   to  supports   for   rcradways. 

Steel  or  iron  seta  are  best  adapted  tor  main  roads,  particularly  for 

roads  where  the  strata  have  settled. 

In  France  and  Germany,  a  simple  arrangement,  shown  in  fig.  169, 
is  used.  Iron  or  steel  bars,  weighing  24  to  30  lbs.  per  yard,  and 
shaped  like  girders,  are  bent  in  the  form  of  a  horse-shoe  to  suit  the 
roadway  and  set  up  2  to  3  ft.  apart.  The  space  between  the  webs 
is  filled  up  with  planking,  IJ  in.  to  2  in.  thick,  forming  a  neat 
strong  lining  to  the  rood.  This  method  is  said  to  cost  about  £2 
per  yard  for  a  road  7  ft.  high  and  6J  ft.  wide  at  the  bottom. 

Another  method,  employed  in  the  North  of  France,  is  to  form 
the  girder  in  two  pieces,  curved  at  the  top  and  joined  in  the  centre 
by  two  flsh-plates  fastened  by  four  bolts.  This  method  is  beet 
suited  for  heavy  roofs  and  hard  sides.  Fig.  170  shows  the  detail 
of  the  fish-plates  at  the  centre  where  fastened.  The  cost  in  this 
case  is  estimated  at  ^5,  Is.  5d.  per  lineal  yard  for  a  road  8  ft.  wide 
and  6J  ft.  high. 

In  the  Government  Lead  Mines,  in  the  Harts  Mountuns,  the 
roadways  are  supported  with  flat-bottomed  rails,  14^  lbs.  per  jrard 
section.  The  ends  of  the  iron  arch  are  lodged  in  boles  drilled  in 
large  stones  (see  fig.  171)  set  in  the  floor  and  fastened  by  wooden 
wedges  or  cement     Between  these  stones   other  stone   blocks  bok 
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inserted,  in  order  to  keep  them  apart  and  thus  ensure  stability. 
The  lining  or  lofting  is  carried  out  with  the  same  kind  of  rails,  each 
19  ft.  8  in.  long,  arranged  longitudinally,  the  flat  bottoms  being  in 
contact  with  the  base  of  the  flat  rails.  The  cost  of  supporting 
roadways  in  this  manner  is  about  £1,  13s.  2d.  per  yard.  Supporting 
the  same  roads  with  masonry  costs  £2,  9s.  Od.  per  yard,  and  with 
timber  £1,  2s.  per  yard  (first  cost  only).* 

When  roof  and  floor  are  both  soft,  and  the  floor  given  to  creeping, 


Fio.  169. — Iron  sets  for  supporting  roof. 

the  support  is  sometimes  made  in  two  or  three  pieces  curved  to  suit 
the  roadway  and  fastened  at  the  joints  by  fish-plates  and  bolts  as 
before  (see  fig.  172).  A  cast-iron  sleeve  is  often  used  instead  of  the 
fish-plates.  The  sleeve  is  made  to  slip  over  the  end  of  the  girder,  and 
when  the  pieces  are  fitted  together  it  is  drawn  over  the  joint  and 
fastened  with  wood  keys  or  wedges.  Fig.  173  shows  the  construction 
of  such  a  sleeve. 

At  the  Altenwald  Coal  Mines,  t  near  Saarbriicken,  iron  supports 

*  Tranjh  N,  Eng,  Min.  and  Mech,  £.,  vol.  zzxvii.  p.  137.      t  Ibid.,  p.  138. 
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are  used  in  the  fonn  of  au  elliptic  arch.  To  prevent  the  Hupports 
from  shifting,  horizontal  props  are  inserted  from  arch  to  arch  at  the 
highest  poiuts.  The  plank  covering  h  of  oak,  and  each  plank  over- 
laps the  other,  to  allow  some  play  under  heavy  pressure.  The  cost 
for  this  kind  of  support  was  £2,  ISe.  2d.  per  jard.  Brickwork  would 
not  have  been  applicable  in  this  case,  owing  to  the  continuous  settling 
of  the  fioor. 

At  the  Nuunery  Colliery,  Sheffield,*  the  main  roads  were  supported 
by  steel  girdere,  which  were  themselves  supported  on  props  of  larch 
wood  (see  tig.  174).     The  girders  were  (-section,  1  in.  wide,  5  in. 


Fio.  170.— DebulaafG&h-iilate. 


Fio.  171. 


deep,  with  a  web  |  in.  thick,  and  this  was  calculated  to  give  the 
same  support  as  a  Norway  lanli  beam  12  inches  square. 

The  girders  were  siip]X)rted  oh  props  of  larch,  8  in.  to  10  in. 
diameter,  and  the  seta  were  put  in  atiiut  3  fL  apart,  with  lagging 

To  prevent  the  girdere  from  being  pushed  out  at  the  top  by  side 
pressure,  a  lug  or  band  of  iron,  1 1  x  j  in.,  was  shrunk  on  at  each 
end  immediately  in  front  of  the  prop. 

In  some  collieries  in  Staffordshire,  hollow  cast-iron  props  are  used. 
These  props  have  a  Range  8  in.  diameter  at  top  and  9  in.  diameter  at 
bottom  (see  fig.  176).  A  chair  mode  for  the  purpose  drops  into  the 
top  of  the  iron  column  and  receives  a  reversed  iron  rail  weighing  60 
lbs,  per  yard.     These  sets  are  placed  3  ft  apart  and  are  lofted  on  top 

•  On  and  SUmt  Mining,  Sir  C  Le  Nbvb  foster,  Si>Ui  Edition,  p.  378. 
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with  planks  or  raila,  the  spacer  between  these  being  tightly  packed 
with  atones.  Tliia  method  of  support  mnkea  a  capital  roadway,  but 
is  best  suited  for  roads  where  no  great  side  pressures  exist.  The 
cost  of  this  system  is  £2,  4s,  per  lineal  yard  in  an  average-sized 
roadway  (see  figs.  175,  176). 


At  St  Helen's  Colliery,  Cumberland,*  flat-bottomed  steel  rails 
wore  used  to  support  a  main  haulage  road  at  a  depth  of  170  fma. 
Posts  of  the  same  mat«rial  were  likewise  employed  to  support  the 


cross-pieces;  figs.  177,  178  show  how  the  rails  were  secured.     The 

crowns  were  10  ft.  long  and  the  supporting  props  6  ft.     The  latter 

were  set  6  in.  off  the  jwrpendicular,  and  were  cut  and  dressed  so  that 

*  Tram.  Min.  Inst.  Scot.,  vol.  liv.  pp,  242-249, 
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the  crown  would  rest  evenly  on  the  top.  The  lower  end  of  the  props 
rested  in  a  cast-iron  sole  (fig.  179),  arranged  to  give  a  solid  foundation. 
Near  the  top  of  each  prop,  and  also  near  the  ends  of  each  crown, 
were  drilled  two  holes  f  in.  diameter.  An  angle  iron  b  (fig.  177)  was 
then  riveted  on  the  end  of  the  crown  so  as  to  fit  the  upright  to  which 
it  was  bolted,  and  in  this  way  the  legs  were  fixed  and  prevented 
from  being  pushed  out.     The  sets  were  placed  2  to  3  ft.  between 


Fios.  176,  1 76. —Cast-iron  propa 

centres  and  lagged  on  the  top  with  3  in.  planking,  and  also,  when 
they  could  be  had,  with  old  rails.  A  piece  of  wood  A  A  was  fitted 
in  between  the  uprights  to  further  strengthen  them.  The  rails  used 
weighed  79  lbs.  per  yard,  and  cost  3s.  6d.  per  cwt.  delivered  ;  the  cost 
for  steel  H-girders,  weighing  54  lbs.  per  yard,  would  have  been  58.  9d. 
per  cwt.     The  cost  per  lineal  yard  for  this  method  of  supporting  the 


Figs.  177,  178. 

roadway,  including  rails,  labour,  etc.,  was  £1,  14s.  7d.,  while  the 
cost  of  brick  arching,  14  in.  thick  for  the  same  road,  was  estimated 
to  be  £2,  58.  2d.  per  lineal  yard,  showing  a  difference  of  10s.  7d.  per 
yard  in  favour  of  the  rails. 

Securing  Beads  with  Brick  Walls  and  Girders. — Main  haulage 
roads  and  shaft  bottoms  are  often  secured  by  building  up  a  brick 
wall,  14  in.  to  24  in.  thick,  on  each  side  of  the  road,  and  stretching 
steel  H-girders  across  them  (figs.  180,  181).     Along  the  top  of  the 
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wall  ia  laid  wood  planking,  4  in.  x  12  in.,  on  which  the  girders  rest. 
The  wood  helps  to  relieve  afly  sudden  pressure  to  which  they  luaj  be 
aubjeeted.  The  girders  should  be  wedged  tight,  and  a  runner  or 
strap  of  iron  fixed  between  ever;  two  sete  to  prevent  them  from 
canting.  On  the  top  is  placed  a  lagging  of  square  or  round  timber 
laid  close  together,  any  spaces  between  being  carefully  packed.  At 
Milnwood  Colliery,  Bellshill,  the  wood  lagging  was  replaced  by  strips 
of  iron  about  3  in.  broad  and  ^  or  j^  in.  thick.     This  system  is  pre- 


FiG.  179. — Details  of  Bole-[jiace. 

ferable  to  using  wood  Urging,  as  the  latter  decays  and  requires 
frequent  renewal.  Sometimes  sheets  of  iron,  about  J  in.  thick,  are 
stretched  on  the  top  of  the  girders,  and  wood  lagging  put  above  that ; 
the  sheet  iron  preventing  the  wood  lagging  from  dropping  on  the 
road  when  it  breaks  or  decays. 

In  another  method  of  securing  roadways  by  brick  walls  and  girders, 


Fiaa.  180,  181. — Brickwork  and  girders. 

the  latter,  instead  of  being  put  in  straight,  are  curved  from  the  side 
of  the  wall  on  either  side,  which  is  said  to  Increase  their  strength. 
It  also  gives  increased  height,  but,  of  course,  it  is  more  expensive,  as 
more  rock  requires  to  be  excavated  in  the  roof.  The  ends  of  the 
girders  are  laid  on  sheet  iron,  thus  distributing  the  pressure  over  a 
greater  area.  The  cost  of  this  method  is  £13,  9s.  6d.  per  yard.  The 
calculated  coat  for  arching  the  same  roadway  was  X16,  8a.  lid. 
per  yard. 

At   Lanemark   Colliery,    New    Cumnock,    some   rather   ingenious 
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methods  are  adopted  for  supporting  the  roadways.  On  each  side  of 
the  road,  side  walls  are  built  from  the  rubbish  got  from  the  workings, 
cement,  mixed  with  sand  in  the  proportion  of  one  to  four,  being  used 
to  bind  the  rubbish  ti^ether.  At  intervals  along  the  road,  brick 
pillars  are  built  up  to  the  same  height  as  the  stone  building.  Along 
the  top  of  the  side  walls  planks  arc  laid,  and  on  the  top  of  these 
light  steel  girders  are  stretched 
across  the  road  to  support  the 
roof.  Figs.  182,  183  show  this 
method. 

Where  the  roof  is  Fairly  good 
and  does  not  require  any  cross- 
girders,  the  roadways  are  secured 
as  shown  in  figs.  184,  185.  In 
this  method  the  stone  and  cement 
walling  is  carried  up  to  within 
4  in.  of  the  roof.  In  the  space 
thus  left,  pieces  of  wood  are 
placed  lengthways,  being  wedged 
tightly  to  the  roof.  Between 
the  stone  and  cement  pillars  a 
pillar  of  brick  is  built  half-way 
short  prop  is  fixed  between  the  pillar 


Fio.  182.— Croaa-M 


up,  and  on  the  top  of  this  a 
and  the  longitudinal  planking. 

Another  variation  in  this  system  of  supporting  roadways 


t  shown 


F[o.  183. — Longitudinal  sectiou. 

in  figs.  186,  18T,  in  which  a  continuous  wall  of  stone  and  cement  is 
built  up  to  about  three-fourths  the  height  of  the  road,  and  on  the 
top  of  this  building  short  pillars  of  brick  and  short  props  are  carried 
up  to  support  the  wood.  In  both  these  latter  methods  no  cross 
supports  are  used,  the  roof  not  requiring  them.     In  other  parts  of 
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the  workings  the  walls  are  entirely  buUt  of  rubbish  got  from  the 
working  and  cemented. 

This  kind  of  wall  is  found  to  act  better  in  many  respects  than 
bnck  and  lime.  It  often  de- 
flects to  a  considerable  extent 
before  giving  way.  The  ad- 
vantages claimed  for  such 
methods  of  supporting  road- 
ways are  that  only  a  very 
small  number  of  bricks  are 
required,  compared  with  those 
in  which  masonry  is  used 
throughout,  while  walls  of  this 
description  can  be  built  very 
cheaply,  ordinary  workmen 
being  able,  without  difficulty, 
to  erect  them.  In  pillar  and 
stall  working  they  also  prevent 
slabs  of  coal  from  breaking  oiT  the  piUare  and  falling  on  to  the 
roadways, — an  occurrence  which  often  causes  much  inconvenience 
in  workings,  particularly  on  main  haulage  roads. 


Fia.  18G. — IiongitDdinal  sectioD. 

Tlie  advantages  of  using  brick  witll  and  girders  for  supporting  the 
roadways,  instead  of  brick  arching  alone,  may  be  stated  as  follows  : — - 

Leas  Bpsce  reqnires  to  be  sxoavftted  for  s  Riveii  srea,  the  saving  in  this 

respect  being  nearly  2fi  par  cent 
Leaa  tim«  is  required  tor  erection,  and  hence  lees  coat  ia  incumd  Tor  labonr. 
Where  tlis  atrata  are  soft,  girders  can  be  placed  as  the  work  proceeds,  while 

with  brick  arching  temporary  supporli  wonld  have  to  be  used,  tbna 

increaainf;  the  cott. 
Qirdera  can  be  easily  removed  from  one  part  of  a  mine  to  another  and  be 

iiaed  over  again,  whereas  brickwork  can  seldom  be  removed. 

The  cost  of  iron  or  steel  girders   varies,    and    will  depend  to  a 
certain  extent  on  the  proximity  or  otherwise  of  the  colliery  to  iron- 

13 
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works.     In  1904  the  cost  of  girders  was  about  £5,  10b.  to  £6,  IOb.  per 
ton,  and  for  the  v&rious  sections 


Fio.  1SS. — CnsK'Sectioii. 

Owing  to  the  varjing  conditions 
to  fix  any  definite   weight  or  size 


iise,  which  ore  about  60,  66, 
and  72  lbs.  per  yard,  about  9(1.,  Is., 
and  Is.  Id,  per  foot  reapectively.* 
Comparing  the  coat  of  aupport- 
ii^  roadways  with  girders  with 
the  cost  of  timber  for  the  same 
purpose,  the  first  coat  for  girders 
will  be,  approximately,  twice  as 
expensive,  but,  on  the  other 
hand,  they  will  last  four  to  six 
times  longer  than  the  best  wood, 
and  will,  as  a  rule,  give  a  greater 
margin  oF  safety. 

in  different  mines,  it  is  impossible 
of  girder  as  being  suitable  for 


F 10.)  1 87.  — LongitndiniJ  JMCtioii. 

I  given  span.  Under  comparatively  equal  loads,!  however,  the 
veights,  dimensions,  and  safe  loads  for  8-ft.  apace  girders  are  ^owa 
n  the  following  table  : — ■ 


vdj^tpei 


•  N.B.—Tbeynceat  girdera  varies  rrom  time  to  tiraa  Moording  to  the  rouket 
price  of  iron  ana  Bleel. 

t  TVaiLS,  /.  M.  B.,  vol.  I.  p.  274. 
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The  following  weights  of  girders  are  often  used  for  different  spans  : — 


Girders  of  16g  lbs.  per  lineal  foot,  in  spans  of  6  to  8  ft. 
„  22      „        „  „  „  8  to  10  „ 


24      „         „  „  „         10  to  12  „ 


The  above  can,  however,  only  be  taken  as  approximate  sizes,  and 
it  would  be  best  to  err,  if  anything,  on  the  safe  side.  In  a  colliery 
where  the  span  was  16  ft.,  the  girders  used  weighed  42  lb&  per  lineal 
foot  and  were  none  too  heavy. 

Some  of  the  advantages  claimed  for  iron  and  steel  props  over 
timber  are — 

Thev  are  lighter  and  handier  to  work  with  than  heavy  wooden  beams.  ^ 
Girders  give  increased  space  for  ventilation  compared  with  timber. 
There  is  no  pollution  of  the  air  as  is  the  case  with  decaying  timber. 
There  is  no  risk  of  catching  fire ;  which  is  so  often  the  cause  of  underground 
fires  where  the  timber  is  in  a  dry  condition. 

Strength  of  Timber. — The  strength  of  timber  is  not  always  easily 
determined,  and  no  definite  rules  can  be  given  as  to  the  size  of  props 
or  crown-trees  to  be  used  underground.  The  circumstances  prevail- 
ing in  each'  colliery  as  to  roof,  floor,  and  sides,  combined  with  every- 
day experience  in  practical  working,  seem  about  the  safest  and  best 
guides  to  depend  upon. 

Props  set  in  the  workings  may  be  said  to  break  in  three  different 
ways,  viz. :  (a)  by  fracture  or  *  buckling '  alone ;  (b)  by  buckling  and 
crushing  combined ;  (c)  by  crushing  alone.  In  the  first  case,  props 
generally  give  way  when  their  length  is  from  twenty  to  thirty  times 
their  diameter,  in  the  second  when  their  length  is  from  ten  to  twenty 
diameters,  and  in  the  third  case  when  the  length  is  under  ten 
diameters. 

From  numerous  experiments  on  the  strength  of  pillars  (or  props) 
of  timber,  the  following  law  has  been  deduced  : — 

"  Tfie  strength  of  pillars  of  timber  of  equal  sectional  areas  is  inversely 
proportional  to  the  square  of  the  length'^ 

Thus,  with  lengths  in  the  ratio  of  2,  4,  and  8  ft.  the  strength  will 
be  in  the  ratio  of  {\f  :  {\f  :  {\f,  or  \,  j\y  and  /^. 

Taking  pillars  of  the  same  sectional  area,  one  2  ft.  in  length  has 
sixteen  times  the  strength  of  one  8  ft.  in  length  and  four  times  that 
of  one  4  ft.  in  length.  This  is  well  known  in  everyday  practice,  and 
the  props  are  usually  increased  in  diameter,  according  as  the  height 
of  the  working  increases.  For  ordinary  large  props  the  crushing 
stHuin  is  about  1^  to  2  tons  per  square  inch,  acconling  to  the  age  of 
the  wood  and  the  seasoning  it  has  undergone.* 

If  timber  be  cut  when  green,  and  allowed  to  season  or  dry  gradually, 
it  is  found  to  gain  in  durability,  as  was  proved  by  the  experiments 
carried  out  by  Professor  Louis,  t  who  records  a  gain  of  as  much  as 
49  per  cent,  in  the  strength  due  to  seasoning  in  ordinary  pit  props. 

•  Tra7ut,  I.  M,  E.,  vol.  xv.  p.  352.  t  Ilnd.,  p.  354. 
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This  fact  is  fully  recognised  on  the  Continent  and  at  many  collieries 
in  France  and  Germany;  the  props  are  thoroughly  seasoned  in 
specially-constructed  drying  sheds  before  they  are  used  underground  ; 
and  in  some  cases  they  are  seasoned  artificially  by  an  electric  process 
which  is  said  to  give  good  results. 

In  a  number  of  tests  which  were  recently  carried  out  by  the 
Government  colliery  officials  in  the  Saar  district,  *  the  same  results 
were  obtained.  The  following  table  shows  the  effect  of  seasoning,  as 
ascertained  experimentally,  on  four  different  kinds  of  wood  : — 


Wood  shortly  after 
Felling. 

Wood  Five  Months 
after  Felling. 

Kind  of  Timber. 

Resistanoe 
to  Com- 
pression. 
Lbe.  per 
Si.  Inch. 

8248 
2802 
2631 
2475 

Specific 
Gravity. 

1084 
0885 
0984 
1285 

Resistance 
to  Com- 
pression. 
Lbs.  per 
Sq.  Inch. 

8570 
8044 
2716 
2138 

Specific 
Gravity. 

Beech,  with  bark   . 
Fir            do. 
Pine          do. 
Oak           do. 

1094 
0845 
0917 
1050 

Props  artiflciaUy 

dried  in  a  Tempera. 

ture  of  149"  Fshr. 


Resistance 
to  Com- 
pression. 
Lbs.  per 
Sq.  Inch. 


3627 
3385 
2958 
2958 


Specific 
Gravity. 


I 


0915 
0656 
0647 
0825 


It  must  not  be  forgotten  that  the  different  specimens  tested  were 
special  pieces,  free  from  blemishes,  and  having  little  resemblance  to 
the  ordinary  pit  prop. 

The  following  tables  f  give  the  crushing  and  tensile  strains  of 
various  kinds  of  wood  : — 


Strength  of  Timber  to  Resist  Crushing -Strains  in  Pounds  and  Tons 

PER  Square  Inch. 


Minimum 

Kind  of  Timber. 

Maximum 
Dry. 

Ordinary 
State. 

Mean. 

Pounds. 

Pounds. 

Pounds. 

Tons. 

Ash 

9863 

8683 

9023 

4  03 

Beech 

9363 

7733 

8548 

3-81 

Birch  (English) 

6402 

3297 

4850 

216 

Elm 

10331 

7950 

9140 

4-08 

Fir  (spruce)     .        .        . 
Oak  (English) 

6819 

6499 

6659 

2-97 

10058 

6484 

8271 

3-69 

„    (Quebec)  . 

5982 

4231 

5106 

2-28 

Pine  (pitch)     . 

6790 

6790 

6790 

3-03 

„    (red) 

7518 

5395 

6457 

2-88 

Larch 

5568 

3201 

4385 

1-96 

*  Gliickau/y  Berginspektor  Oh.  Diithing,  1898,  vol.  xxxiv.  p.  797. 

t  Treatise  (m  the  Strength  of  Materials^  by  Mr  Thomas  Box,  1888,  p.  91. 
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Showing  Strength  of  Timber  to  Rissist  Tensile  Strain  in  Pounds  and 

Tons  per  Square  Inch. 


Kind  of  Timber. 

Maximum. 

Minimum. 

Mean. 

Pounds. 

Pounds. 

Pounds. 

Tons 

Ash         .         .        . 

17,850 

16,784 

17,077 

7-6 

Beech     .        .        .        . 

11,826 

11,888 

11,467 

5  1 

Birch 

•  •  • 

•  •• 

15,000 

6-7 

Kim        .        .        .        . 

■  •  • 

•  •  • 

18,490 

6  0 

Fir         .        .        . 

18,448 

11,000 

12,208 

5-5 

Oak  (English) 

15,500 

13,620 

14,560 

6-5 

Pine  (Russia)  . 

1                         •  •  • 

•  •  • 

13,300 

5-9 

„     (Norway) 

14,800 

12,400 

13,850 

6-0 

Larch     .        .        .        . 

•  •  • 

••  * 

9,682 

4-8 

Showing  Specific  Gravity  and  Weight  of  Matkrials  (Water  at 

62*  Fahr.  being  equal  to  Unity). 


Material. 


Specilfic 

Weight  of 

Measurement 

Gravity. 

1  Cubic  Foot. 

of  1  Ton. 

Pounds. 

Cubic  Feet. 

7-788 

485*80 

4-615 

7-087 

441*60 

5-070 

0-777 

48*42 

46-260 

0-588 

36*65 

61-130 

0*488 

30-10 

74-410 

Wrought  iron    . 

Cast  iron  (British)     . 

Oak  (seasoned)  . 

Elm. 

Pine  (yellow),  seasoned 


The  following  rules  apply  to  bars  or  beams  of  timber : — 

1.  The  strength  of  bars  or  crowns  of  the  same  sectional  areas  is 
in  direct  proportion  to  their  width.  Thus  a  bar  1 2  in.  wide  is  twice 
as  strong  as  one  6  in.  wide  if  both  have  the  same  thickness. 

2.  The  strength  of  rectangular  beams  of  the  same  length  and 
width  is  directly  proportional  to  the  square  of  their  depth  (W  oc '  d^) ; 
thus  if  two  bars  are  of  equal  width,  but  one  is  6  in.  deep  and  the 
other  3  in.  deep,  their  strength  will  be  in  the  proportion  of  3^  :  6^  or  " 
9  :  36  or  1  :  4,  i.e.  the  prop  6  in.  deep  will  have  four  times  the 
strength  of  one  3  in.  deep. 

3.  The  strength  of  bars  of  equal  sectional  area  varies  inversely 
as  their  lengths  (W  oo  \).  Thus  a  bar  12  ft.  long  will  only  have 
half  the  strength  of  one  6  ft.  long,  the  sectional  area  being  equal 
in  both. 

FormnlsB  for  Strength  of  Beams  of  Timber. — Different  formulae 
are  given  by  different  authorities  for  finding  the  sizes  and  breaking 
weights  of  beams  of  timber,  all  of  them  giving  slightly  different 
results.  But  it  must  be  remembered  that  most  of  the  formulae 
applied  in  engineering  give  only  approximate  results,  and  are  not 
meant  to  be  absolutely  correct,  as  is  the  case  with  the  formulae 
employed  in  problems  in  pure  mathematics.  In  engineering,  materials 
for  construction  are  generally  allowed  a  large  marginal  factor  of 
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safety,  and  there  is,  therefore,  not  the  same  necessity  for  very  fine 
theoretical  calculations. 

Let  L = leDgth  of  beam  or  span  in  inches 
B= breadth 
D= depth 

W= breaking  load  in  tons 
K = coefficient  of  rupture 

The  value  of  K  for  different  materials  has  been  found  by  experi- 
ment, and  ia -given  below  : — 

Wrought  iron  =  3  '40  Beech  =  0-66 

(Sstiron  =  2-30  Fir=0eO 

A8h=0'95  Oak  =  0-75 

Pitch  Pine = 0  76  Larch =075 

BD* 

(1)  Both  ends  supported  and  beam  loaded  in  the  centre.    W  —  4K  -=— . 

BD* 

(2)  Both  ends  fioced  and  load  in  the  centre.     W— 6K-:=r- . 

BO* 

(3)  Both  ends  supported  and  load  evenly  distributed.     W  — 8K-^  • 

BD' 

(4)  Both  endB  fixed  and  load  evenly  distributed.     W  =  12K-=^ . 

L 

In  circular  beams  of  radius  R,  substitute  4*7R^  for  BD^  in  the 
above  formulae.  These  rules  are  very  difficult  of  application  to 
mine  timber,  as  the  load  is  very  rarely  either  at  the  centre  of  the 
beam  or  evenly  distributed  along  its  length,  and  there  is  also  the 
side  pressure  to  take  into  consideration,  which,  in  underground 
timbering,  is  often  greater  tlian  that  from  the  top,  and  can  never 
be  accurately  measured.  The  pressure  per  square  inch  due  to  the 
weight  of  the  overlying  strata  alone  would  be  equal  to  D  x  '434  x  B ; 
where  D  =  depth  or  thickness  of  overlying  strata,  B  =  specific  gravity 
of  strata,  and  '434  =  a  constant  number  (average  specific  gravity  of 
strata  is  about  2*5,  taking  water  as  unity  or  1). 

Strength  of  steel  or  wroughb-iron  girders  of  H-section : — 

When  W = breaking  load  in  tons, 

A = area  of  one  flange  (either  top  or  bottom)  in  square  inches, 

/=  tensile  strength  of  material  in  tons  per  square  inch  (generally  from 

22  to  28  for  steel  and  18  to  20  for  wrought  iron), 
D= depth  of  girder  in  inches  (including  both  flanges), 
L=:  length  of  span  in  inches. 

ThenW-4/^. 
L 

The  safe  load  is  generally  taken  at  |th  to  |th  of  the  breaking  load 
for  steel  girders. 

EXAMPLES. 

(1)  Find  the  breaking  weight  at  centre  of  a  pitch  pine  beam,  12  in.  deep,  8  in. 
broad,  and  18  ft.  between  the  supports,  ends  nxed  and  load  in  centre ;  also  find, 
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the  depth  of  beam  required  for  a  breaking  load  of  24,000  Ibsw,  if  the  width  of 
beam  is  6  in.  and  the  distance  between  the  supports  12  ft.,  load  uniformly 
distributed. 
Suppose  the  beam  to  be  fixed  at  both  ends,  then 

(a)  W=6K^  (6)  W=12k!^* 

18x12  2240  12x12 

_6x  76x8x144  24000_12x76x6xD« 

18  X 12  2240  "~         12  X 12 

.*.  W=24tons  .-.  112xlx075xlxD"=2400xlxl. 

The  breaking  strain  is,  therefore,  24  tons. 

The  depth  of  beam  required  would  be  5*8  in. 

(2)  If  a  beam  10  in.  broad  and  14  in.  deep  has  a  breaking  strain  of  30  tons, 
what  length  of  span  would  it  support  under  a  maximum  load,  supposing  the  beam 
to  be  simply  supported  and  the  load  to  be  in  the  centre  ! 

HereW  =  4K2i^, 

Ij 

.-.  80=4  X  76^^  ^  ^^',  and  80  L=4  x  75  x  10  x  196. 

li 

.-.  L=4x76xl0xl96^^gg  .^  ^^  ^^.g  ^^ 
80 

(3)  What  would  be  the  breaking  load  of  a  wrought-iron  girder  of  H -section, 
with  top  flange  4^  in.  broad,  depth  of  girder  6  in.,  and  span  between  supports 
10  ft.? 

Taking  the  tensile  strength  of  wrought  iron  at  20  tons. 


W  =  4/^  =  4x20i:^x4^^gj 
•^  L  10x12 


Preservation  of  Timber. — Timber  required  for  iise  underground, 
or,  indeed,  anywhere,  should  be  felled  during  the  winter  when  it  has 
but  little  sap  in  it,  because  sap  in  wood  ferments  and  produces  rapid 
decay.  It  should  also  be  well  seasoned  before  being  used,  and  if 
these  two  points  are  carefully  attended  to  they  are  frequently  all  the 
timber  requires  to  preserve  it.  The  bark  should  also  be  removed 
before  the  timber  is  used  underground ;  if  this  is  done,  there  is  less 
liability  to  decay,  and  when  this  does  set  in  it  is  easier  detected. 

Various  methods  of  preventing  dry  rot  have  been  tried.  Good 
ventilation  is  necessary,  as  timber  decays  much  faster  in  foul,  hot 
air  than  in  a  pure  atmosphere.  Water  is  also  a  good  preservative, 
and  in  some  places  the  shaft  timber  is  kept  wet  for  this  purpose. 
The  water  acts  by  washing  off  the  spores  of  the  fimgi  as  fast  as  they 
are  formed. 
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The  various  methods  of  preserving  timber : — 

By  common  salt  dissolved  in  water. 

By  impregnation  with  metallic  salts,  such  as  sulphates  of  copper  and  iron, 

chlorides  of  zinc  or  magnesium,  etc 
By  the  use  of  creosote. 
By  coating  with  tar,  etc. 

Timber  is  often  treated  with  brine  made  with  common  salt,  in  the 
proportion  of  1  lb.  of  salt  to  four  or  five  gallons  of  water,  the  timber 
being  allowed  to  get  thoroughly  soaked  with  the  solution.  It  has 
the  advantage  of  being  cheap  and  easily  applied.  Sulphate  of  iron 
is  also  much  used,  and  has  the  recommendation  of  being  effective  and 
economical. 

Chlorides  of  magnesium  and  zmc  are  used  for  preserving  timber. 
In  the  zinc  process,  a  solution  of  chloride  of  zinc  is  forced  under 
pressure  into  the  timber.  The  solution  consists  of  one  part  of  liquid 
chloride  of  zinc  (specific  gravity  of  1*5)  mixed  with  35  gallons  of 
water.  One  gallon  of  this  solution  weighs  15  lbs.  and  contains 
about  3^  lbs.  of  metallic  zinc.  This  process  is  said  to  make  the  wood 
firm,  hard,  and  proof  against  the  attacks  of  insects  and  dry  rot. 

Aitken  Process. — In  this  process  the  timber  is  soaked  in  boiling 
water  containing  a  strong  solution  of  common  salt  and  chloride  of 
magnesium.  The  proportion  of  common  salt  to  the  latter  should  be 
7  to  1,  and  a  certain  proportion  of  undissolved  salt  requires  to  be 
kept  at  the  bottom  of  the  tank  used  for  steeping.  The  timber 
treated  should  be  free  from  bark,  well  seasoned,  and  thoix)uglily  dry. 
The  plant  used  at  the  Niddrie  Collieries,  near  Edinburgh,  where  this 
system  is  in  operation,  consists  of  two  rectangular  iron  tanks  made 
of  ^-in.  boiler  plate,  19  ft.  long,  4  ft.  wide,  and  3  ft.  deep,  built  into 
a  brick  seating  with  a  hearth  beneath.  The  boilers  are  fired  with 
dross,  and  the  tanks  have  a  covering  of  loose  boards. 

The  props  are  boiled  for  forty-eight  'hours ;  pitch  pine  and  larch 
require  longer  treatment  than  softer  woods.  When  the  timber  is 
removed  from  the  tanks,  it  is  stacked  in  a  covered  shed  with  free 
access  of  air,  to  dry,  as  it  is  quite  soft  and  not  fit  for  immediate  use. 
Cost  of  using  Preparation, — With  the  above  plant  15  tons  of 
timber  can  be  treated  weekly  at  a  cost  of  J&2,  12s.  8d.,  or  about 
3s.  6d.  per  ton,  which  represents  about  Is.  5d.  per  100  ft.  of  6-in. 
diameter  prop  wood.     The  plant  itself  costs  about  J&IOO. 

The  process  is  said  to  make  the  timber  brittle,  and  when  it  is  used 
as  *  sleepers '  on  roadways  the  nails  do  not  hold  well,  owing  to  the 
oxidation  occasioned  by  the  salts  present.  To  overcome  this  difficulty 
galvanised  nails  should  be  used.  This  method  of  treating  timber  is 
employed  at  a  number  of  collieries  in  Scotland,  among  which  are  the 
Cadzow  Collieries,  Hamilton;  Auchinraith  Colliery,  Blantyre;  the 
Leven  and  Lochore  Collieries,  Fife ;  and  others. 

Creosote  Methods. — Impregnating  timber  with  crude  creosote,  which 
was  first  tried  in  1842,  is  one  of  the  best  methods  of  preserving 
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timber,  but  such  timber  has  the  great  disadvantage,  particularly  for 
mine  work,  of  being  very  readily  ignited,  and  is,  therefore,  less  suitable 
for  underground  work  than  for  other  purposes.  For  railway  sleepers 
at  the  surface,  and  even  underground,  where  no  danger  of  fire  exists, 
creosoting  adds  greatly  to  the  '  life '  of  the  wood. 

The  effects  of  creosote  are  threefold:  (1)  it  fills  the  pores  and 
prevents  saturation  with  water ;  (2)  it  destroys  organic  life ; 
(3)  the  carbonic  acid  coagulates  the  albuminoids  present  in  the 
wood  and  prevents  decay. 

CocU  Tar, — Painting  the  timber  with  liquid  tar  is  sometimes 
resorted  to,  but  this  also  confers  the  disadvantage  of  being  easUy 
ignited. 

Painting  the  props  with  ordinary  whitewash  is  also  a  plan  adopted, 
and  one  which  gives  fairly  good  results.  While  preservatives  un- 
doubtedly prolong  the  life  of  timber  in  underground  workings,  they 
seem  at  the  same  time  to  decrease  its  strength  to  a  considerable 
extent.  Professor  Louis  has  made  a  number  of  experiments,*  which 
show  that  timber  thoroughly  creosoted  was  diminished  in  strength 
to  the  extent  of  8*5  per  cent.,  while  woods  treated  by  the  Aitken 
process  were  weakened  from  8  to  20  per  cent.,  according  to  the 
kind  of  timber  treated. 

The  following  table  f  shows  the  results  of  tests  made  at  Saint 
Eloy,  on  the  relative  duration  of  differently  preserved  woods  (mi- 
preserved  wood  =  30)  in  France,  upon  different  methods  of  treating 
oak,  fir,  pine,  beech,  birch,  and  poplar  woods.  Two  specimens  out 
of  every  ten  experimented  on  were  used  in  the  natural  state.  The 
others  were  treated  with  solutions  of  (1)  tar,  (2)  chloride  of  zinc, 
(3)  sulphate  of  copper,  (4)  sulphate  of  iron,  and  (5)  creosote, 
respectively. 


Name  of 

Name  of  Wood. 

Preservative. 

Oak. 

Fir. 

Pine. 

Beech. 

Birch. 

Poplar 

Tar, 

287 

263-6 

87-6 

105-4 

26-2 

160-5 

Chloride  of  zinc,    . 

10-6 

60-0 

26-8 

18-6 

52*6 

847 

Sulphate  of  copper, 

42-1 

12-0 

8-0 

1-8 

2»6 

15-6 

Sulphate  of  iron,   . 

18-0 

12-6 

4-2 

47 

87 

2-9 

Creosote, 

17 

2-6 

4-4 

0-6 

8-8 

1-8 

Solutions  of  molasses  have  also  been  used  successfully  on  the 
Continent  and  elsewhere. 

*  Trans,  Inst.  if.  E,,  vol.  zv.  p.  352. 

t  CompUa-rendus  mensuel  des  Biunions  de  la  SoeiiU  de  V Industrie  Minirale, 
1890,  p.  225. 


GHAFTEB  X. 

WINDING  COAL. 

Preliminary. — The  operation  of  winding  or  raising  the  ooal  froza 
the  underground  workings  to  the  surface  is  one  of  the  most  im- 
portant parts  of  the  daily  work  of  a  colliery,  for,  in  many  cases, 
the  output  is  limited  only  by  the  means  available  for  raising  the 
coal.  When  once  the  winding  machinery  is  erected,  it  is  clear  that 
whatever  the  demands  may  become,  the  quantity  of  coal  raised  per 
day  cannot  exceed  the  capabilities  of  the  machinery  or  the  winding 
power.  It  follows,  therefore,  that  what  may  be  termed  increased 
cost  in  the  winding  gear  is  of  very  small  importance,  when  compared 
to  the  great  advantage  that  may  accrue  from  having,  what  may 
appear  at  the  time,  superfluous  power  which  can  be  employed  in  case 
of  need  and  if  the  output  is  capable  of  extension.  All  other 
surface  arrangements  must  be  subsidiary  to  the  necessity  of  dealing 
effectively  with  the  coal  when  drawn,  otherwise  much  vexatious 
expense  and  delay  will  be  entailed. 

Pit-head  Frames. — Pit-head  frames  were  at  one  time  almost 
entirely  constructed  of  wood,  but  of  recent  years  wrought  iron  and 
steel  have  been  extensively  used  in  their  construction.  Where  a 
frame  has  to  stand  for  thirty  to  fifty  years,  or  possibly  longer,  it  is 
a  matter  of  economy  to  adopt  iron  or  steel  structures,  as  they  are 
more  stable  and  are  not  liable  to  decay  like  wood  frames.  For  high 
frames,  and  for  the  heavy  loads  now  raised  at  modem  collieries, 
it  is  almost  imperative  to  build  the  frames  of  steel.  In  cases  where 
timber  is  employed  pitch  pine  is  generally  selected,  the  size  of  the 
wood  depending  upon  the  height  of  the  frame  and  the  load  to  be 
raised.  The  following  sizes  are  often  used  in  practice  : — for  frames 
20  to  30  ft.  high,  front  stays  and  main  supports  10  to  12  in.  square ; 
for  frames  30  to  40  ft.  high,  front  stays  and  main  supports  12  to 
14  in.  square ;  and  for  frames  40  to  60  ft.  high,  the  whole  of  the 
wood  would  be  14  in.  to  18  in.  square. 

Pit-head  frames  are  usually  of  two  kinds,  single  and  double,  both 
sorts  being  largely  used,  according  to  the  preference  of  those  erecting 
them  and  the  class  of  work  for  which  they  are  designed.     For  heavy 
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loads  and  where  pumping  is  required  and  tackling  has  to  be  fixed 
to  the  frame,  the  double  type  of  frame  is  most  suitable ;  a  further 


liituf 


Fig.  188. — Side  elevation. 


Fig.  189.— Front  stays. 


advantage   being  that  pulleys   for   haulage    ropes    can    easily    be 
erected  on  them,  so  saving  the  erection  of  another  frame  for  them 


,i^'ig 


Fio.  190.— Backstays. 


Fig.  191. — Side  eleyation. 


close  to  the  pit  mouth  where  the   room   can   often   be   ill  spared. 
Where  no  pumping  is  necessary,  a  good  single  frame  is,  on  the  other 
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baud,  just  as  good  for  winding,  is  neater,  more  easily  erected,  and 
is  less  expensive  than  a  double  one. 


Fig.  192.— Front  stays.  Fig.  193.— Back  stays. 

Figs.    188-193   show   two  good   types  of  double   wood    frames. 


ufxa 


FiG«.  194,  195.— Pit- frames  and  pit  head -gear. 
Figs.   194,  195  show   a  type   much   in   use  at  large   collieries   in 
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Scotland,  and  known  locally  as  a  'table  frame.'  Where  much 
pumping  is  done,  and  block-and- tackle  pulleys  have  often  to  be 
suspended  from  the  frame,  or,  as  is  the  practice  at  some  collieries 
for  the  pulleys  for  haulage  ropes,  as  well  as  the  winding  pulleys, 
to  be  placed  on  the  frame ;  then  this  type  of  table  frame  is  possibly 
the  best  form  that  can  be  adopted. 

The  whole  construction  should  be  firmly  and  carefully  put 
together  by  careful  and  experienced  workmen,  and  the  parts  fitted 
together  previous  to  its  erection,  so  that  every  part  fits  exactly. 
The  cross-stays  should  be  morticed  into  the  uprights,  about  3  in. 
being  generally  allowed,  all  the  parts  being  well  bound  to  each  other 
by  good,  strong  wrought-iron  glands  and  plates.  Fig.  196  shows 
the  details  of  these  glands  and  the  manner  of 
fixing.  The  wood  in  the  frame  should  be 
smoothly  planed,  and  two  or  three  good  coats 
of  paint  should  be  applied  to  preserve  it  from 
the  weather.  It  should  also  be  repainted 
every  second  year  at  least ;  this  will  prevent 
decay  setting  in. 

Generally,  the  back  and  front  stays  are 
fixed  at  the  bottom  on  sole-pieces  running 
across  the  front  of  the  pit  and  at  right  angles 
to  the  end  of  the  back  stays.  These  sole- 
pieces  should  rest  on  a  good  foundation  of 
brick  or  concrete  above  the  surface  of  the 
ground,  to  prevent  moist  earth  from  coming 
in  contact  with  the  wood,  which  will  help 
greatly  to  prevent  decay.  Probably  the  best 
way  is,  however,  to  omit  these  sole-pieces  and 
to  fix  the  ends  of  both  back  and  front  stays 
into  cast-iron  shoes  which  rest  on,  and  are  firmly  bolted  to,  pillars 
of  masonry  or  concrete.  The  seam  at  the  top  of  the  shoe  should 
be  well  filled  with  putty  to  prevent  water  lodging,  otherwise  this 
method  of  fixing  is  of  little  advantage  so  far  as  the  prevention  of 
decay  is  concenied. 

The  position  of  the  back  stays  in  regard  to  those  in  front  is  a  very 
important  consideration,  as  it  is  on  this  part  of  the  frame  the  tension 
due  to  the  winding  ropes  exerts  itself.  The  back  stays  ought  to 
be  put  up  with  a  fairly,  large  angle,  otherwise  the  frame  is  liable 
to  be  drawn  over  by  the  tension  or  pull  on  the  ropes ;  on  the  other 
hand,  they  ought  not  to  be  erected  with  too  large  an  angle,  other- 
wise their  own  weight  will  exert  a  pressure  on  the  front  stays  and 
tend  to  push  the  latter  out  of  position. 

A  good  plan  is  to  make  the  distance  between  the  centre  of  the 
shaft  and  the  foot  of  the  back  stays  about  equal  in  length  to  the 
height  of  the  frame,  or  even  longer;  or  else  the  distance  should 
equal  the  height  of  the  frame  multiplied  by  the  sine  of  the  angle 


Fio.  196.— Manner  of 
fixing  glands. 


206 


PRACTICAL  COAL-MINING. 


made  by  the  ropes  with  the  pulley  and  drum.  Suppose  the  pit- 
head frame  is  60  ft.  high,  and  that  the  angle  that  the  ropes  make 
between  the  drum  and  puUey  is  50",  then  60  x  sine  50'  (0*7660) 
=  45*96  ft.,  the  distance  the  back  stay  ought  to  be  from  the  centre 
of  the  shaft.  The  position  for  the  back  stays  may  also  be  found 
graphically  by  employing  the  principle  of  the  parallelogram  of  forces. 
Let  xy  he  the  ground  line  (fig.  197),  d  the  position  of  the  drum, 
and  p  the  position  of  the  pit-head  pulley.  Draw  a  line  a  d  between 
these  two,  and  another  line  ac  representing  the  part  of  the  rope 
hanging  in  the  shaft  to  which  the  load  is  attached.  Ascertain  what 
the  total  load  to  be  raised  amounts  to.     Now,  along  the  lines  ad 


Fig.  197. 

and  acy  two  forces  which  are  equal  and  opposite  to  each  other 
will  be  acting,  the  force  along  ad  being  that  due  to  the  pull  of 
the  engine  required  to  raise  the  load,  while  the  force  along  the 
line  ac  will  be  exerted  by  the  load  itself  pulling  in  a  downward 
direction.  With  any  suitable  scale,  say  1  in.  to  represent  1  ton 
of  load,  lay  off  the  distance  a  e  equal  to  the  total  load,  and  along 
the  line  ad  lay  off  the  same  distance  ag;  but  to  allow  for  con- 
tingencies, such  as  undue  strain  due  to  an  over-wind,  wind  pressure, 
etc.,  it  is  better  to  make  the  distance  a  h  along  the  line  a  d  equal 
to  twice  a  c.  From  the  point  h  draw  a  line  h  e  parallel  to  a  c,  and 
another  line  ce  parallel  to  ah;  a  line  joining  the  points  ae 
represents  the  resultant  of  the  forces  a  c  and  a  by  and  the  point  / 
where  it  cuts  the  ground  line  will  be  the  position  for  the  back  stay. 

Iron  or  Steel  Frames. — As  already  stated,  pit-head  frames  are 
often  constructed  of  iron  or  steel.     On  the  Continent  the  frames  are 
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sometimes  made  of  tubular  material,  but  this  type  of  frame  has 
never  come  much  into  use  in  Britain ;  those  most  generally  em- 
ployed being  constructed  either  on  the  lattice  girder  principle  or  of 
angle  iron  in  conjunction  with  box  girders. 

Figs.  198,  199  show  a  frame  mainly  made  in  this  way,  70  ft.  high, 
which  is  less  expensive  than  a  lattice  girder  frame.  The  cost  of 
such  a  frame  would  be  about  £350,  including  erection.     At  Palace 


Fig.  198. — Steel  frame  (side  elevation). 


Fio.  199. -Steel  frame 
(back  stays). 


Colliery  and  Bent  Colliery,  Hamilton,  the  principal  parts  of  the 
frames  are  constructed  of  ordinary  railway  rails  and  lattice  work  on 
the  back  stays.  Figs.  200-203  show  this  class  of  frame,  which  makes 
both  a  neat  and  strong  erection. 

Winding  Engines. — Winding  engines  may  be  divided  into  two 
classes,  viz.  :  (1)  Direct-acting  coupled  engines;  (2)  non-direct-acting 
geared  engines,  either  of  which  may  be  horizontal  or  vertical.  The 
best  type  of  winding  machinery  is  a  pair  of  coupled  direct-acting 
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Fig.  200.— Side  elei 
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Fio,  201.  — Front  sUys. 


FlO.  S03.— Bsck^atays. 
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engines  placed  horizontally,  as  they  are  efficient,  compact,  easily 
cleaned  and  repaired,  and  well  in  view  of  the  engineman.  Figs.  204, 
205  show  the  general  arrangement  of  a  pair  of  horizontal  direct- 
acting  engines. 

Condensing  and  expansion  forms  of  winding  engines  have  not  been 
much  used  owing  to  their  difficulty  of  application  for  colliery  work, 
the  rapid  winding  and  frequent  starting  and  stopping  being  against 
their  working  economically.  At  a  few  collieries,  however,  they  have 
been  employed  with  fairly  good  results. 

Coupled   engines   working  at  high   pressure   and   provided   with 
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Figs.  204,  205. — Horizontal  engines,  with  both  cranks  shown  in  position 

at  end  of  stroke. 


automatic  cut-off  valves  are  possibly  the  most  efficient  and  economical 
type  of  machine  for  winding  coal,  as  their  working  parts  are  few  and 
not  so  complicated  as  in  compound  condensing  engines. 

Single-acting  engines  may  be  employed  for  winding  small  outputs 
from  shallow  shafts,  if  geared  and  fitted  with  a  heavy  fly-wheel. 
Such  engines  are  not,  however,  to  be  recommended,  as  they  are  very 
unsteady  in  their  motion,  and  occasion  delay  and  annoyance  when 
they  stop  on  a  *  dead  centre.' 

The  following  conditions  should  be  satisfied  in  a  good  winding 
engine : — 

14 
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It  should  be  as  direct-acting  as  possible,  i,e,  the  connecting  parts  between 

the  piston  and  the  crank  shaft  should  be  few  in  number,  as  each  part 

entails  a  waste  of  power. 
The  moving  parts  should  be  strong  to  resist  stresses,  and  at  the  same  time 

light  enough  to  offer  no  undue  resistance  to  motion.     Parts  moving 

upon  each  other  should  be  carefully  and  smoothly  machined  in  order 

to  reduce  friction  to  a  minimum. 
The  steam  should  reach  the  cvlinder  easily  at  the  proper  time,  and  should 

also  be  able  to  leave  the  cylinder  as  easily. 
The  engine  should  be  capable  of  being  readily  and  immediately  stopped, 

started,  or  reversed. 

Speed  of  Engine. — The  speed  of  winding  engines  varies  according 
to  the  size  and  class  of  engine,  but  250  to  400  ft.  per  minute,  as  the 
rate  of  piston  travel,  is  considered  good  speed  for  winding  engines. 

Posiiton  of  Winding  Engine, — The  laying  down  of  the  winding 
engine  in  a  proper  position  is  a  very  important  matter.  The  exact 
site  will,  of  course,  depend  on  the  position  of  the  winding  drum,  as 
the  engines  should  be  placed  at  a  suitable  distance  back  from  the 
shaft  to  afford  sufficient  inclination  for  the  ropes  from  the  pit-head 
pulleys  to  the  drum. 

The  distance  that  the  drum  should  be  from  the  centre  of  the  shaft 
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is  equal  to  about  1  to  1^  times  the  height  of  the  pit-head  frame, 
which  will  give  a  fairly  good  angle  for  the  ropes  to  work  at.  Some- 
times  the  position  of  the  drum  is  fixed  so  as  to  give  the  winding  ropes 
an  inclination  of  45'  with  the  pulleys. 

Having  determined  the  exact  position  of  the  drum  in  relation  to 
the  shaft,  it  must  be  set  off  with  great  accuracy,  either  by  measure- 
ment alone  or  with  the  aid  of  the  theodolite. 

The  method  of  procedure  is  to  get  the  exact  centre  of  the  shafts 
or  centre  of  barring  on  either  side  of  the  pit,  by  means  of  two  cords, 
a  a^  and  b  lA  (fig.  206),  stretched  across  the  pit  at  right  angles  to 
each  other.  From  the  centre  of  these  two  cords  take  another  cord 
o  c,  equal  in  length  to  the  distance  the  drum  has  to  be  placed  from 
the  centre  of  the  shaft,  and  drive  a  stake  at  c.  If  the  cord  is  in  a 
straight  line,  the  point  e  will  be  the  centre  line  for  the  drum,  but  it 
should  be   tested  by  two  side  cords,  a  c  and  fj}  c,  the  exact  lengths 


WINDING  COAL. 


of    which    can  be   calculated,    since    ac*  =  oc*  +  oa^    and   likewise 
flic^  — oc'  +  d'o*.     Both  these  cords  should  then  be  taken,  and  if  the 


point  e  has  been  properly  fixed,    the  ends   of  a  e  and  a'  c  will  also 
coincide  with  thb  point  and  give  the  centre  line  of  the  drum. 
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E^tgine  Seats. — Winding  enginee  are  secured  in  their  position  by 
Beato  of  wood,  brick,  or  concrete,  or  a  combination  of  the  two  latter. 
For  Bmall  single  cylinder  engines  wood  seats  may  be  iised,  as  they 
are  easily  put  into  position  and  are  cheap  at  firat  cost ;  but  they  have 
the  disadvantage  of  being  easily  set  on  fire  and  are  not  so  stable  as 
brick  or  concrete.  The  wood  may  be  either  pitch  pine  or  oak  logs — 
geneially  the  former  is  used — the  principal  beams  being  18  in.  to 
square    and    the 


fl*fW  I'pff  ft 


others    12  i 
square. 


.  to  16  in. 
I  engine 
with  cylinder  18  in.  dia- 
meter, siit«cn  or  eighteen 
beams  would  be  required, 
and,  OS  pitch  pine  costs 
la.  6d.  per  cubic  foot,  the 
cost  of  the  engine  seat 
would  be  from  X20  to 
£30.  Figs  207-209  show 
the  arrangement  of  a 
wooden  seat. 

Brick  or  concrete  seats 
are,  however,  preferable 
to  those  made  of  wood, 
as  they  give  the  engines 
a  firmer  foundation  and 
a  more  solid  bed,  and 
are  not  susceptible  to 
fire.  Figs.210-212show 
the  constniction  of  such 
a  seat  composed  of  brick 
and  concrete  for  a  pair 
of  horizontal  winding 
engines,  with  cylinders 
25  in.  diameter.  To  fix 
the  binding  bolts,  wood 
rhones  4  in.  square  are 
generally  built  in  at  the  ejact  position  for  each  bolt,  and  a  set  of 
'  pigeon-holes '  left  along  the  foot  of  the  seat  to  fii  the  washers  and 
cotter  on  the  binding  bolt.  Brickwork  for  engine  seats  costs  alxtut 
158.  per  cubic  yard,  including  labour,  ete. ;  cement  alone  ISs.  per 
cubic  yard  ;  and  concrete  alone,  I8h.  to  128.  6d.  ])cr  cubic  yard. 

Winding  Sopes. — The  different  forms  of  winding  ropes  used  are  : 
(1)  flat,  (2)  circular,  (3)  tapered;  and  the  materials  used  in  their 
construction  are  :  (a)  hemp  or  other  fibres,  (b)  iron,  («)  steel.  Hemp 
ropes  may  be  conveniently  used  for  shallow  pits  and  light  loads, 
because  of  the  facility  with  which  they  can  be  made  to  coil  round 
small  drums.     They  are  also  much  used  on  winches  for  other  colliery 
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work.  The  great  objection  to  their  use  under  other  conditions  is 
their  weight ;  the  weight  of  hemp  rope  for  a  breaking  load  of  20  tons 
would  be  about  20  lbs.  per  fathom,  while  the  weight  of  a  steel  rope  for 
the  same  breaking  load  (20  tons)  would  only  be  about  6  lbs.  per  fathom. 
On  the  Continent  of  Europe  ropes  made  of  Manilla  and  of  aloe  fibres 
are  greatly  in  favour,  even  for  very  heavy  loads  and  deep  pits,  and 
seem  to  be  preferred  to  steel  ropes,  and  they  are  said  to  give  good 
results  both  as  to  wear  and  safety. 

Iron  Bopes  are  still  a  good  deal  used,  and  are  recommended  by 
some  as  superior  to  steel,  both  as  regards  wear  and  in  affording 
better  indications  before  breaking,  besides  being  more  pliable.  But 
with  the  different  qualities  of  steel  now  in  use,  these  advantages 
over  steel  ropes  no  longer  hold  good,  as  varieties  of  the  latter  can 
now  be  had  suitable  for  work  under  almost  any  circumstances. 

There  are  four  qualities  of  steel  wire  used  for  making  winding 
ropes,  viz. : — 

per  sq.  in.  sectional  area. 
Extra  plough  steel  with  breaking  strain  of  110  to  120  tons. 
MUd  „  „  „  95  to  100 

Best  patent       ,,  „  „  80  to    85 

Bessemer  ,,  ,,  ,,  40  to    45 

For  shallow  pits  where  the  load  is  light,  it  is  found  that  Bessemer 
steel  ropes  are  the  most  economical,  because  the  first  cost  is  con- 
siderably lower  than  that  for  those  made  from  higher  qualities  of 
steel. 

Flat  Steel  Ropes, — This  kind  of  rope  is  not  much  used  for  winding, 
nor  is  it  to  be  recommended  for  such  purposes.  It  is  more  difficult 
to  get  a  perfect  flat  rope  than  a  circular  one  ;  the  latter  throughout 
being  made  by  machinery,  whereas  the  stitching  of  the  flat  rope  is 
done  by  hand.     The  disadvantages  of  flat  ropes  are  : — 

Greater  first  cost,  such  ropes  being  30  i)er  cent,  to  50  per  cent,   more 

costly  than  circular  ones. 
Very  much  shorter  life. 
Greater  liability  to  failure. 

Against  this,  the  only  advantage  is  the  greater  diameter  of  the 
drum  of  the  descending  rope  which  assists  to  lift  the  load  at  the 
beginning  of  the  wind. 

Circular  Ropes. — These  ropes  are  most  largely  used  and  are  made 
of  from  four  to  seven  strands,  each  strand  consisting  of  five  to  thirty- 
seven  wires,  and  for  some  purposes  even  more.  Haulage  ropes  are 
preferably  made  of  six  strands,  containing  seven  wires  each.  The 
strands  are  usually  laid  round  a  hemp  core,  made  of  long  fibre  Russian 
hemp,  or  where  clips  are  used,  as  in  haulage,  of  Manilla  hemp,  which 
has  a  harder  fibre  and  is  less  liable  to  deteriorate.  This  hemp  core 
should  be  carefully  treated  with  linseed  oil  or  other  preservative,  to 
prevent  wasting  from  internal  friction. 

Wire  of  a  soft  quality  steel  is  preferable  for  haulage,  especially 
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where  clips  are  used,  and  because  It  bends  round  quick  curves 
with  case,  and  winds  round  small  pulleys  without  injury.  The 
essential  features  in  a  good  winding  rope  are  flexibility  and  strength, 
and  it  is  desirable  to  obtain  these  qualities  with  the  least  possible 
weight.  The  weight  of  a  winding  rope  is  a  very  important  matter  ; 
the  dead  weight  to  be  lifted  by  the  engine  should  be  as  little  as 
possible.  Another  point  to  be  considered  is  that  the  strength  of  the 
rope  is  in  some  degree  dependent  on  its  own  weighty  as  the  weight  of 
the  portion  suspended  in  the  shaft  must  be  subtracted  from  that  of 
the  safe  load. 

Life  or  DurahUity  of  Rupee, — This  will  in  a  great  measure  depend 
on  the  treatment  they  receive  and  the  work  performed  daily.  Mr 
W.  E.  Hipkins  states  that  the  life  of  a  rope  will  depend  on  the 
following  pohits : — 

The  quality  and  temper  of  the  wire,  having  regard  to  the  stresses  the  rope 
has  to  bear,  and  the  conditions  under  which  it  has  to  work. 

Its  construction  as  regards  number  of  wires,  strands,  and  nature  of  core. 

The  ratio  of  the  lay  of  its  wires  to  that  of  its  strands,  and  their  proportions 
to  the  diameter  of  the  dram  or  pulley  over  which  it  works. 

The  nature  of  the  dressing  with  which  it  is  lubricated,  and  the  mode  and 
frequency  of  its  application. 

The  number  and  angle  of  the  turns  it  is  required  to  make  in  working. 

All  ropes  ought  to  be  well  tested  at  stated  intervals,  by  taking  a 
piece  nearest  the  cage  and  applying  tensile  and  torsion  tests  to  each 
individual  wire.  The  tensile  test  consists  in  fracturing  the  wire  by 
direct  stress.  The  torsion  test  means  that  the  wire  must  stand  a 
certain  number  of  twists  in  a  length  of  8  in.  without  cracking.  The 
bending  test  is  sometimes  used  at  collieries,  and  consists  in  fixing 
a  single  wire  in  a  vice,  and  then  bending  it  at  right  angles  a  given 
number  of  times  to  see  whether  the  wire  shows  signs  of  failure. 

Winding  ropes  should  also  be  re-capped  at  least  every  six  months, 
as  this  gives  an  opportunity  of  examining  the  inside  wires,  and  also 
changes  the  lifting  point  of  the  rope  on  the  pit-head  pulleys.  Ropes 
should  also  be  well  dressed  or  lubricated,  the  lubricant  to  be  applied 
with  a  stiif  brush.  Wherever  practicable,  the  rope  should  be  allowed 
to  run  through  a  trough,  having  brushes  filled  with  the  lubricant 
fixed  on  either  side.  Hopes  treated  with  a  good  lubricant  last  from 
25  per  cent,  to  50  per  cent,  longer.  The  dressing  should  be  applied 
at  least  once  a  week.  A  good  lubricant  is  made  from  the  following 
ingredients :  tar,  summer  oil,  mica  and  axle  grease,  in  varying  pro- 
portions to  suit  varying  conditions.  The  tar  and  oil  must  be  free 
from  acids.  This  combination  is  said  to  thoroughly  penetrate  the 
wires  and  prevents  rust  and  so  fills  the  cable  as  to  give  it  an  appear- 
ance of  solidity ;  it  resists  water  successfully,  and  does  not  strip.  It 
is  stated  to  cost  only  about  one-eighth  as  much  as  ordinary  lubricants, 
and  to  give  better  results. 

dare  and  Management  of  Bopes. — Wire  ropes  ought  to  be  care- 
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fully  stored,  and  should  on  no  account  be  placed  on  the  ground,  but 
upon  sound  planks  raised  several  inches  from  the  soil,  so  that  they 
may  be  kept  free  from  damp ;  they  should  also  be  covered  over  with 
tarpaidin  and  inspected  frequently,  besides  having  a  coating  of  some 
lubricant  at  regular  intervals.  Care  should  be  taken  in  uncoiling 
wire  ropes  to  prevent  *  kinking ' ;  they  should,  during  the  process,  be 
placed  on  a  reel  or  drum  when  being  *  paid '  out.  During  working, 
the  greatest  stress  on  a  rope  being  at  the  moment  of  starting,  every 
care  should  be  taken  to  ensure  perfect  steadiness,  as  jerking  is  very 
bad  for  ropes.  No  rope  should  ever  be  changed  from  a  larger  to  a 
smaller  drum,  but  it  will  do  no  harm  to  change  it  from  a  smaller  to 
a  larger. 

If  the  following  precautions  are  taken  and  carefully  carried  out, 
few  accidents  will  occur  to  winding  ropes : — 

Chooee  a  good  quality  of  rope  from  a  maker  of  good  repute,  and  pay  a  fair 

price  for  it. 
Make  minute  examinations  of  the  rope  at  frequent  intervals. 
Protect  the  rope  as  far  as  possible  from  the  action  of  the  atmosphere  and 

from  water  oy  frequently  lubricating  it. 
Recap  the  rope  and  reverse  it  every  six  months. 
Test  portions  at  r^nilar  intervals. 
Discard  the  rope  aner  it  has  been  in  use  a  certain  fixed  time,  even  if  it  is 

apparently  sound,  so  far  as  outside  examination  shows. 

A  careful  record  ought  to  be  kept  of  all  ropes,  showing  the  length 
of  time  at  work  and  the  quantity  of  mineral  raised  by  them,  and  also 
the  speed  at  which  they  worked,  as  it  is  only  by  doing  so  that  a  fair 
comparison  can  be  instituted  between  different  ropes. 

Bope  Cappings  or  Attachments. — The  proper  capping  of  winding 
ropes  is  of  great  importance,  for  it  is  at  such  attachments  that  the 
rope  wears  quickest,  and  consequently  where  it  will  be  most  likely  to 
give  way.     The  cappings  are  fixed  on  the  ropes  in  a  variety  of  ways. 

In  the  old  method,  which  is  still  used  to  a  considerable  extent, 
the  capping  is  formed  by  two  semicircular  sockets  which  nearly 
surround  the  rope,  thickened  out  at  the  bottom  end  and  formed  into 
a  link  for  attaching  to  the  cage  chains  (fig.  219).  The  rope  is  fixed 
in  this  cap  by  rivets  which  pass  through  the  capping  and  rope.  To 
secure  the  rope  properly,  a  part  of  the  end  is  taken  and  the  wire 
strands  frayed  out  and  bent  back  on  themselves,  the  part  of  the  rope 
to  which  this  is .  done  being  firmly  wound  with  tarred  cord  and 
tapered  upward,  to  suit  the  shape  of  the  capping  or  socket.  When 
this  is  finished  the  socket  is  fitted  on,  and  holes  are  carefully  made 
through  the  rope  with  a  marlinspike,  to  coincide  with  the  rivet  holes 
in  the  capping ;  as  each  hole  is  made,  a  rivet  is  driven  through  and 
well  hammered  when  in  position.  This  method  gives  fairly  good 
results  if  the  riveting  is  done  carefully,  but  there  is  always  the 
possibility  of  damaging  the  wires  when  the  rivet  holes  are  being 
made. 
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Another  method  is  to  use  a  socket  with  hoope,  as  in  figs,  213-215. 
The  rope  in  treated  aa  already  dettcribed,  and  drawn  into  the  socket, 
and  thu  rings  then  hammered  finnly  down  into  position.  A  third 
method  is  to  use  a  solid  conical  socket  or  capping,  wfajoh  requires 
neither  rings  nor  rivets  (see  fig.  316).  The  capping  is  made 
with  a  conical  opening,  and  through  this  opening,  and  for  some 
feet  beyond,  the  end  of  the  rope  is  drawn.  The  strands  are  now 
opened  up  as  before,  and  laid  back  over  themselves,  aome  of  the 
wires  being  cut  off,  and  the  rest  carefully  wound  with  copper  wire 
until  the  end  of  the  rope  itself  assumes  a  conical  form ;  it  is  now 
drawn  into  the  socket  and  is  ready  for  use.  Except  under  very 
exceptional  circumstances,  it  will  be  impossible  to  draw  the  thick  end 


It  =  socket  or  capjiin^ 

0  =  hollow  conical  jilug. 

D=wire  Ui<i<ing  on  rope. 

E=Bii(lBOf  wireof  tli«  Toiie 
turned  back  over  tbe 

K  =  wirs  binding. 
G=loose  rings. 


FI08, 313-215.  Fio.  218. 

of  the  rope  through  the  small  cud  of  the  socket  unless  the  capping 
were  to  split,  whicti  rarely  happens.  For  additional  security  where 
heavy  loads  require  to  bo  raised,  a  collar  is  shrunk  on.  Figs,  218,  219 
show  the  method  of  attaching  flat  and  circular  ropes  respectively 
with  capels  and  clamps. 

Sirenijth  of  R<ipee. — The  strength  of  ropes  naturally  varies  accord- 
ing to  the  quality  of  the  material  of  which  they  are  constructed.  In 
winding-ropes  a  large  margin  of  strength  should  be  allowed,  and  the 
gross  load,  including  the  weight  of  the  rope  between  the  pit-head 
pulley  and  the  cage  at  the  commencement  of  tiie  lift,  should  never 
— except  in  rare  coses— exceed  one-tenth  of  the  breaking  strain. 

The  following  formulie  are  often  used  for  finding  the  size  of  ropee 
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for  a  given  load,  or  to  calculate  the  breaking  load  for  a  given  size  of 


FiuB.  217,  21S,  2ie. 

rope.     These   formulfe  give  only  approximate  resulte,  and  i 
strictly  correct  in  every  case. 

SiZB  OF   ROFKB. 


(l)ThenW  =  Cx    ■25.-.  C  =  \/^orO- y^"^  -  forhemp  wpes. 

(2)  W  =  O'xl-50.-.C=\/^'>rC  =  :^'^^  for  iron  ropw. 

(3)  W  =  Cx3-00.-.C  =  \/^orC=^'?-'^^-?forp«l8ntstoelropBg. 
(1)  W  =  0''i4-O0.-.  C  =  \/^orC^*/""'l?fori.loiigb-»teelropw. 
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These  formulae  do  not  allow  for  the  weight  of  rope  hanging  in  the  shaft,  and  to 
correct  this,  a  second  formula  may  be  employed. 

Let  L=lead  of  full  cage  in  tons. 
d= depth  of  pit  in  fathoms. 
M  =  factor  of  safety. 
C= circumference  of  rope  in  inches. 


J 


(1)  Then  C=      / 1*5  d  ....         for  iron  ropes. 


r 

L 

1-5 

d 

M 

1 1  X  2240 

r 

L 

3' 

d 

(2)  ^~^/_?._        ^ ....        for  steel  ropes. 

V   M     1 -1x2240 

Examples, — Find  the  circumference  of  (a)  a  hemp,  (6)  iron,  (e)  plough-steel 
rope  for  a  safe  working  load  of  4  *5  tons. 


/4*5xl0        

(a)  C= Y^     -^^   -  =  ;,yi80    =13 '4  inches  for  a  hemp  rope. 

/4  '5  X  1 0        

(h)  C=y^— _    --^30      =  5-47      ^,        ,,  an  iron  rope. 

/4*6  X  10  

(c)  C  =  /y/ — - — =^11 -25  =3 '86      ,,       ,,  a  plough-steel  rope. 

Or,  by  second  formulse,  supposing  depth  of  pit  was  150  fins. : — 
^^^'^^^      /  4       'Lo       =\/^%%'^\/'fr^'^^  '"•  ^"'*  plough-steel 


c=   / i:i- 

Ia_ u 

V   10    J-lx 


rope. 
2240 


Weight  of  Ropes. 

p  J  Let  w = weight  of  rope  in  lbs,  per  fathom.  ( I )  Then  mj = c*  x  '26  for  hemp  ropes. 
I  c=circumferenceof  rope  in  inches.     (2)  t(7=c'x*9    for  steel  ropes. 

The  weight  of  rope  in  above  calculations  would  be : 

«;=(13'4  fx  •25  =  44'89  lbs.  per  fathom  for  hemp  rope, 
and  w  =  (  3-63)*'»x'9  =11-90  ,,  ,,  steel  rope. 

Strength  of  Gage  Chains. 
Let  u;=8afe  working  load  in  tons. 


Dx 


T\2 

D= diameter  of  iron  in  eighths  of  an  in.  (i-ths).     Then  w=^ 


2-5  xM 


M  =  factor  of  safety  (10  for  cage  chains).  .  *.  D  =  \Jw  x  M  x  2  '5. 


Example, — What  size  or  diameter  of  iron  should  be  used  in  cage  chains  for 
above  calculations  t 

D  =  V4'5x  10x2-5 

=  1 0  '6  eighths  or  —  =  1^  in.  diameter  of  iron. 

o 
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To  find  the  weight  of  chains. 

Let  W  =  weight  in  lbs.  per  fathom. 

D  =  diameter  in  sixteenths  of  an  inch. 

Then  W  =  D2x  -21  ;  for  above  size  of  chain  W  =  (20)»x  -21. 

=84  lbs.  per  fathom. 

The  weight  varies  with  the  length  of  link,  but  for  ordinary  makes  the  above 
gives  the  average  weight. 

CounterbalanciTig. — The  load  of  a  winding  engine  is  often  a  very 
varying  quantity,  particularly  in  deep  shafts,  and  the  power  of  the 
engine  cannot  under  such  circumstances  be  utilised  to  the  best 
advantage,  hence  the  necessity  of  some  compensating  arrangement 
to  equalise  the  load  during  the  '  wind.'  Balancing  the  load  can  be 
effected  by  different  methods,  such  as  by — 

(1)  The  chain  and  staple  arrangement. 

(2)  By  the  tail  rope  method. 

(3)  By  using  conical  or  spiral  drums. 

(4)  By  Koepe's  system  of  winding. 

Chain  and  Staple  Arrangement, — In  this  method  of  coimter- 
balancing,  a  staple  pit  is  required  in  addition  to  the  winding  shaft 
(fig.  220).  The  depth  of  this  staple  is  such  that  when  the  cage  is  at 
the  beginning  of  the 
wind,  the  heavy  chain 
which  is  attached  to 
the  drum  shaft,  and 
which  is  used  as  a 
balance,  will  be  hang- 
ing at  the  top  of  the 
staple ;  its  weight  at 
this  position  will 
assist  the  winding- 
engine  when  most 
required,  Le,  at  the 
start  of  the  lift,  and 
when  the  cages  are  at 
mid  shaft  the  whole 
of  the  chain  will  have 
accumulated  at  the 
bottom  of  the  staple. 

During  the  latter  half  of  the  wind,  when  often  the  load  is  a  negative 
quantity,  the  chain  will  again  be  raised  to  the  top  of  the  staple 
ready  for  another  wind.  Thus  during  the  first  half  of  the  wind,  and 
when  the  load  is  greatest,  the  engine  is  assisted ;  in  the  latter  half, 
when  the  load  is  a  diminishing  quantity,  the  engine  is  retarded  and 
brought  more  easily  to  a  stop.  The  disadvantage  of  this  method  is, 
that  it  often  requires  a  staple  pit  40  to  50  yds.  deep,  involving 
considerable  expense. 


Fig.  220. — Chain  and  staple  balance. 
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Tail  Hope  Method. — In  this  system  of  balanciog,  a  '  tail  rope,'  of 
he  same  weight  as  the  winding  ropes,  is  attached  to  the  bottom  of 
each  cage,  and  passes  round  a  beam,  placed 
acitwa  the  shaft,  and  below  the  level  of  the  pit- 
bottom  (see  fig.  221).  A  pulley  working  in  a 
sliding  frame  was  at  first  used  in  this  method 
instead  of  a  beam,  but  it  does  not  work  so  well, 
as  the  rope  is  apt  to  get  off  the  pulley,  or  to  pull 
it  out  of  position.  When  the  pit  is  deep  no 
pulley  or  beam  is  required,  the  weight  of  the 
rope  causing  it  to  form  a  natural  loop  of  itself. 
This  system  of  counterbalancing  has  been  found 
to  give  good  results,  but  it  is  most  suitable  for 
shafts  that  are  comparatively  free  from  cross 
buntons,  pump  rods,  pipes,  and  other  apparatus, 
although  the  writer  has  seen  it  successfully 
applied  in  rectangular  shafts,  where  cross 
buntons  are  necessary.  The  tail  rope  should 
be  attached  to  a  bar  of  iron  laid  across  the 
bottom  of  the  cage,  the  strength  of  the  bar  being 
less  than  that  of  the  rope,  so  that  in  case  of 
accident  the  latter  may  give  way  rather  than 
the  rope. 

Conical  or  Spiral    Drums. — This   method   of 
counterbalancing  would  be  one  of  the  best  that 
Fio  221  —TM       could  be  adopted,  but  to  obtain  perfect  balance^ 
rope  method.  and  at  the  same  time  to  get  a  satisfactory  degree 

of  wear  out  of  the  ropes,  the  drums  would  often 
equire  to  be  25  or  30  ft.  in  diameter,  which  would  make  them  very 
heavy  and  expensive.  Hence  such  drums  are  not  much  used,  and 
where  they  were 
employed,  they 
—i  have    been    dis- 

carded  owing  to 
V  accidents    taking 

ij\  place  by  the  rope 

ii\\  slipping    on    the 

I  I   drum.      To   pre- 

jjj  vent  slipping,  a 

'Ij  spiral  groove  was 

'  sometimes  turned 

.  on  the  drum.    In 
many    cases    the 

Fio!  222.-CoDic>l  or  spir*!  drunu.  ^P'"^    '^    P"''  *>" 

the      drum      by 

rivetmg  an  angle  iron  on  shell  plates  or  an  openwork  frame,  the  angle 

ton  fonnuig  a  continuous  spiral  from  end  to  end  of  the  sloping 


-^V 
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portion  of  the  drum  (fig.  222).  By  this  method  it  is  almost  impos- 
sible for  the  rope  to  slip.  The  drum  is  usually  so  arranged  that 
several  coils  of  the  rope  wind  round  the  flat  centre  part  of  the  drum. 
This  enables  the  latter  to  be  made  smaller  at  the  large  diameter  than 
would  otherwise  be  the  case. 

To  find  the  ratio  between  the  large  and  small  diameters  of  such 
drums  the  following  rule  may  be  used  :  — 


Let  a = full  cage  at  pit-bottom. 
&  =  empty  cage  at  pit- top. 
c= loaded  cage  at  pit- top. 


d  =  empty  cage  at  bottom. 

a: = diameter  of  small  dram  in  ft. 

y=         „  large 


i> 


Theii{(a  x  a;)  -  (6  x  y)}  =  {(c  x  y)  -  (rf  x  a;)} 


x=yttyory=^^±ll 
axd  cxb 


£hrampl0.— Suppose  full  weight  of  cage  at  pit-bottom  is  4  tons,  full  cage  at  top 
is  3  tons,  empty  cage  at  bottom  4  tons,  and  empty  cage  at  top  1^  tons ;  let  small 
diameter  of  dram  be  12  ft. ;  find  what  diameter  large  dram  would  require  to  be 
under  above  conditions. 

Herea  =  4,  6  =  1-5,  c  =  S,  d=i,  anda;=12.     .'.  y  =  l?(l±i^  =  21-33  ft. 
'  '         '  3-t-l*5 

. '.  y,  the  diameter  of  the  large  dram,  would  require  to  be  21^  ft 

Eoep^'B  System  of  Winding. — This  system  of  winding  was 
invented  to  secure  a  properly  balanced  load.  Instead  of  a  drum,  as 
in  ordinary  winding  arrangements, 
a  large  pulley  is  used,  and  only  a 
single  winding  rope  is  required. 
The  same  rope  extends  all  the  way 
from  one  cage  up  over  a  pulley 
on  the  head-gear,  round  the  engine 
pulley,  back  over  the  second  pulley 
on  the  head-gear,  down  to  the 
other  cage,  then  to  the  bottom  of 
the  shaft,  where  it  forms  a  loop, 
and  lastly  up  to  the  cage  from 
which  it  started.  The  friction 
between  the  rope  and  the  engine 
pulley  is  suflicient  to  raise  the 
useful  load,  which  represents  all 
the  work  required  to  be  done  by 
the  engine,  since  the  rope  is 
balanced  in  every  position  of  the 
cages. 

This  system  has  never  had  any 
extended  application  for  winding 
in  Britain.  At  the  few  places 
where  it  was  adopted,  it  has  since  been  discarded  for  the  ordinary 
arrangement.  In  working,  it  was  found  that  the  winding  pulley  did 
not  give  sufficient  gripping  power,  and  the  rope  was  apt  to  slip,  and 


Fios.  223,  224. — Eoep^  system  of 
winding. 
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Figs.  225,  226. — Spring  attachment  for  winding  ropes. 
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allow  the  cages  to  run  back.  Another  danger  was  that  if  the  rope 
broke,  both  cages  would  fall  to  the  bottom.  To  overcome  these 
difficulties,  a  modification  of  this  system  has  been  adopted,  in  which 
two  additional  pulleys  are  used  below  those  of  the  head-gear,  and  at 
right  angles  to  them,  over  each  of  which  a  rope  extends  from  one 
cage  to  the  other.  These  safety  ropes  are  meant  to  prevent  the 
cages  from  falling  away  in  the  event  of  the  main  winding  rope 
breaking.  A  balance  rope  is  also  used,  which  is  attached  to  the 
bottoms  of  the  cages  and  passes  round  a  beam  in  the  pit-bottom. 

Bedncing  tihe  Strain  on  Winding  Bopes. — As  the  greatest  strain 
on  a  winding  rope  is  at  the  moment  of  starting,  various  appliances 
have  been  introduced  to  reduce  this  as  much  as  possible.  One  of  the 
first  methods  was  to  put  pieces  of  india-rubber  below  the  *  mingles, '  or 
plummer  blocks,  to  give  some  spring  to  the  pulley  when  the  load  is 
lifted.  But  rubber  is  a  bad  substance  for  this  purpose,  as  it  possesses 
a  very  small  amount  of  elasticity,  and  soon  loses  the  little  it  has, 
especially  when  exposed  to  the  weather.  Placing  the  pedestal  on 
springs,  like  an  ordinary  waggon  spring  reversed,  has  been  tried  with 
much  success  for  reducing  the  strain  on  the  rope  at  starting  to  wind. 

Spring  Attachment. — ^At  the  Gerhard  CJolliery,  near  Saarbriicken, 
in  Germany,  a  spiral  arrangement  is  used  for  attaching  the  rope 
to  the  cage.  The  former  is  placed  round  a  sheave  a  (figs.  225,  226), 
and  the  loose  end  is  fixed  to  the  rope  by  means  of  four  clips.  A  bolt 
b,  2^  in.  diameter,  runs  through  the  sheave,  to  which  two  round 
wrought  iron  rods  c  of  a  diameter  of  2  in.  are  attached  at  their  lower 
ends.  These  rods  are  connected  at  the  bottom  by  another  strong 
bolt  d.  Upon  this  last  bolt  rests  a  plate  of  cast  steel  e,  which 
receives  the  powerful  spiral  spring  /.  The  upper  end  of  the  spring 
acts  upon  the  wrought-iron  plate  ^,  above  which  two  hoops  h  are 
screwed.  The  ends  of  these  hoops  are  formed  into  eyes,  which  by 
means  of  the  bolt  t.  If  in.  diameter,  are  connected  with  the  links 
riveted  on  the  cages.  The  round  rods  k  serve  as  guides  to  the  plate 
e.  When  the  cage  is  raised,  the  spiral  spring  presses  against  the 
iron  plate  under  the  hoops,  and  the  cage  is  lifted  gently.  When  the 
rope  above  the  cage  is  loose,  the  rods  e  c  descend  pei'pendicularly  on 
to  the  plate,  and  thus  all  jerking  of  the  rope  is  avoided. 

Spring  Coupling. — Another  apparatus  used  for  the  same  purpose 
is  that  known  as  the  'spring  coupling.'  Figs.  227,  228  show  this 
apparatus.  It  consists  of  two  plates  a  a,  working  on  pivots,  and  two 
end  plates  b  ft,  connected  by  links  c  r,  which  are  pivoted  to  both  of 
these  plates.  The  side  plates  are  held  apart  by  a  spring  d,  through 
the  centre  of  which  passes  a  loose  rod  6,  one  end  of  which  is  fixed 
rigidly.  When  a  sudden  strain  is  put  on  the  end  plates  a  a,  the  side 
plates  b  b  approach  each  other  and  compress  the  spring.  As  the 
strain  increases,  the  resistance  of  the  spring  to  compression  also 
becomes  greater  and  the  compressing  power  of  the  links  becomes  less, 
so  that  a  condition  of  equilibrium  is  attained. 
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Cage  Guides  or  Conductors. —  Wood  Guides.— The  cage  is  directed 
in  the  shaft  hy  guides,  which  may  be  made  b;  either  (a)  wood,  (6) 
iron  or  steel,  (c)  wire  rope  or  circular  rods  of  iron.  Wood  guides  are 
uauallj  made  of  pitch  pine,  the  size  depending  on  the  loads  raised. 
For  cages  holding  one  tub  the   guides   would   be   4    in.  x  3  in.    or 

4  in.  X  4  in.,  and  for  double  cages  with  two   tubs,  5  in.  x  4   in.  or 

5  in.  X  5  in.     The  guides  are  cut  into  lengths  of  12  to  30  ft.,  18  and 
24  ft.  being  lengths  commonly  used.     They  are  fixed  to  the  cross 


Fios.  227,  228. — Spring  canplitig. 

buntons  in  the  shaft,  and  joined  together  as  shown  in  RgH.  229, 
230,  331.  Fig.  231  shows  a  common  method  of  joining  them  by 
an  ordinary  '  butt '  joint,  with  a  piece  of  wood  4  in.  x  4  in. 
to  stiffen  them,  fixed  at  the  joint  by  means  of  bolts  having  their 
heads  counter-sunk  in  the  face  of  the  guide  so  as  not  to  catch  the 
shoe,  attached  to  the  cage,  in  passing ;  or  very  often  an  iron  plate 
about  I  in.  x  3J  in,  is  used  with  an  ordinary  butt  joint  as  before 
(see  fig.  230).  A  '  scarf '  joint  is  also  used  and  an  iron  fixed  as  before, 
with  bolts  having  their  heads  counter-sunk  (see  fig.  229).  Wood 
guides  are  most  suitable  for  rectangular  shafts  in  which  cross  buntons 
are  necessary  for  their  construction  ;  they  are  easily  fixed,  cheap  at 


WIMDING  COAL. 


225 


firet  cost  (about  1b.  6d.  per  cubic  Foot),  but  on  becomiog  worn  require 
frequent  repairs  and  are  very  liable  to  cause  accidents. 

Iron  and  Steel  Guides. — These  guides  are  now  very  largely  used. 
They  are  made  somewhat  in  the  style  of  an  ordinary  rail  for  surface 
use,  and  weigh  from  40  to  60  lbs.  per  yard      Great  care  is  required 
in    fixing  these   guides  to  fit 
them  to  the  proper  gauge,  and 
to  have  all  jointe  even  and   , 
perfectly  vertical,    because    if 
they  are  not  well-fitted  to  begin 
with,  they  give  a  great  deal  of 
trouble. 

Fig.  232  shows  the  ordinary 
method  of  fixing  them ;  each 
'  chair'  should  carry  the  weight  I 
of  the  guide  above  it,  as  they 
should  not  rest  on  one  another, 
but  a  small  apace  should  be 
left  at  each  joint  to  allow  for 
contraction  and  expansion. 
The  space  for  admitting  the 
guide  into  the  chair  ia  made  a 
little  smaller  for  the  top  side, 
BO  that  a  small  portion  requires 
to  be  taken  out  of  the  guide 

to    admit    it,    the    projecting  p^^.^  229, 230,  231.— Cage  guide*. 

parts  acting  as  a  support  for  it. 

These  rail  guides  should  be  made  of  steel,  as  iron,  having  very 
much  less  elasticity,  causes  a  greater  degree  ot  vibration  in  the  cage, 
which  is  a  matter  of  great  importance  in  rapid  winding. 

Briarfs  Metltod  of  Fixing  Quidta. — In  this  method  of  fixing  steel 


FtoB.  23!.— Ironguidi 


guides,  which  is  so  common  on  the  Continent,  a  single  series  of  H 
girders,  9  ft.  10  in.  apart,  divide  the  shaft. 

Each  guide  is  19-66  ft.  long,  which  allows  a  slight  play  between 
the  joints.  Previous  to  being  fixed,  the  buntons  are  carefully  notched 
to  receive  the  foot  of  the  rail  to  a  depth  ot  039  in.  and  to  a  width 
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of  4-33  in.  Figs.  233,  234  show  the  method  of  fixing  the  guides. 
Two  steel  glands  a  a  secure  the  rail  c  to  the  buntotis,  one  above  and 
another  below,  and  are  made  to  grip  the  guide  firmly  by  a  pair  of  boltfi 
6  6  paaaing  through  them.  To  prevent  any  movement,  or  the  rails 
from  getting  twisted  by  the  pressure  of  the  ghuids,  a  block  of  oast 


Fios.  233,  234.^Bri(irt'B  method. 

iron,  through  which  the  bolte  pass,  is  placed  between  the  rails,  and 
is  furnished  with  a  slight  projection,  which  fita  into  a  corresponding 
groove  in  the  flange  of  the  guide.  This  arrangement  has  been  found 
to  act  very  effectively.  In  passing  through  tubbing,  the  buntons  are 
carried  in  boxes  or  shoes  bolted  to  the  internal  flanges  of  the  tubbing, 
the  girders  being  wedged  in  position  with  wood  keys. 
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Iron  or  steel  guides  are  suitable  for  either  circular  or  rectangular 
sbaittt,  and  alwaya  require  buiitoiia  for  fixing  them ;  they  are  much 
more  durable  than  wood  guides,  but  more  expensive  at  firat  cost  and 
difficult  to  repair.  When  they  get  unevenly  worn  tliey  can  no  longer 
be  repaired,  and  there  b  aluo  a  tendency  for  the  circular  head  oE  the 
guide  to  get  worn  off  if 
the  cage  shoe  grips  it  too 
tightly.  If  properly  fitted 
at  first  they  will  often  last 
for  years  without  giving 
any  trouble,  and  require 
little  repur. 

Rope  or  Rod  Guides. — 
These  conductors  are  very 
extensively  used  in  cir- 
cular shafts  where  no 
buntonB  are  required  in 
their  construction,  and 
there  can  be  no  doubt  as 
to  their  suitability.  It 
must,  however,  be  remem- 
bered that  there  should 
be  at  least  15  in.  to  18  in. 
clearance  between  the 
comers  of  the  cage  and 
the  walling  to  ensure 
safety  in  wiudiug.  Cold 
drawn  steel  rods  twisted 
tt^ther  are  often  used  in- 
stead of  the  ordinary  rope 
guides ;  they  give  greatly 
increased  strength,  and 
wear  much  better.  They 
are  made  up  of  seven  to 
fifteen  rods,  with  a  total 
circumference  of  2^  to  4^ 
in.,  and  weigh  from  \i\  to 
35  lbs.  per  fathom.  The 
size  used  will  depend  on 
the  load  and  strength  re- 
quired. The  conductors 
are  fastened  to  a  strong 


Fioa.  236,  288,  237,  238.— Eope  guides. 


beam  at  the  pit-head  by  means  of  five  or  six  glands  to  keep  them 
from  slipping  (figs.  235-238),  or  they  may  be  fastened  by  a  capping 
aud  strong  eyebolts  fastened  with  a  nut  and  washer. 

At  the  pit-bottom  they  are  kept  tight  by  attaching   weights   to 
them  (fig.  235).     This  is  preferable  to  tiling  them  rigidly,  as  it  allows 
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for  expansion  and  contraction,  which  is  often  of  considerable  amount, 
the  weight  used  being  about  1  ton  for  250  yards  of  conductor,  although 
the  exact  amount  required  can  only  be  ascertained  by  experiment  in 
each  individual  case.  The  weight  should  not  be  in  the  form  of  a 
single  solid  block,  but  in  the  form  of  segments  or  'cheese  weights,' 
and  used  in  much  the  same  way  as  weights  are  used  on  a  'dead- 
weight '  safety  valve.  Some  prefer  to  fix  the  guides  at  the  pit-bottom 
and  pass  them  over  pulleys  at  the  surface,  attaching  weights  to  the 
loose  end.  At  some  collieries  they  are  fixed  by  a  strong  spring,  to 
allow  of  the  necessary  expansion  and  contraction. 

The  number  of  conductors  used  will  depend  on  the  load  and  upon 
the  speed  of  winding,  but  in  ordinary  cases  two  guides  are  often  used 
one  on  each  side  of  the  cage,  while  for  heavy  loads  and  quick 
winding  it  is  best  to  have  at  least  four  guides,  one  at  each  comer 
of  the  cage. 

To  prevent  the  cages  from  catching  each  other  in  passing,  two 
unconnected  conductors  should  be  suspended  between  them;  the 
space  between  the  cages  may  then  be  as  little  as  6  in.,  but  12  to 
15  in.  is  a  better  allowance. 

The  advantages  of  using  rope  guides  are  ;— 

(1)  The  first  cost  ib  cheap. 

(2)  They  are  easily  fixed  and  require  few  repairs  and  little  attention,  except 

oUing  regularly. 

(3)  They  last  much  longer  than  wood  or  iron  guides. 

(4)  No  buntons  are  required  for  fixing,  and  they  occupy  but  little  space 

in  the  shaft. 

(5)  They  are  more  flexible,  and  contract  and  expand  more  readily  than 

ngid  wooden  or  rail  conductors. 

Cages. — These  are  made  of  different  sizes  according  to  the  output 
required,  the  size  of  shaft,  and  that  of  the  tubs  used.  The  material 
employed  in  their  construction  is  either  wrought  iron  or  steel,  the 
bottom  being  often  constructed  of  oak,  but  for  large  cages  it  is  best 
to  dispense  with  wood  altogether,  and  to  make  them  entirely  of  steel 
or  wrought  iron,  as  by  this  means  their  weight  will  be  much  reduced, 
which  is  an  important  point  to  keep  in  view.  A  good  cage  made  of 
steel  throughout  should  not  weigh  more  than  about  two-thirds  the 
weight  of  the  coal  raised,  while  a  w  rough t-iron  one  should  weigh 
about  three-fourths  of  weight  of  coal  raised  per  wind. 

A  cage  should  be  so  constructed  as  to  allow  the  greatest  carrying 
capacity  with  the  least  possible  weight ;  the  form  selected  should  be 
such  that  the  tubs  can  be  readily  placed  in  it  and  easily  removed, 
while  the  whole  construction  should  run  easily  in  the  shaft. 

Cages  cost  from  J&30  to  J&35  per  ton  if  made  of  wrought  iron,  and 
from  J&40  to  J&45  per  ton  if  constructed  of  steel.  Before  cages  are 
used  they  should  have  two  coats  of  good  paint,  which  will  help  to 
preserve  them  from  corrosion  in  wet  shafts,  and  particularly  in  pits 
where  the  water  contains  acid.     Figs.  239,  240,  241  show  the  con- 
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struction  of  cages  for  holding  a  single  tub,  this  form  shown  being 
frequently  used  in  Scotland,  as  they  are  easily  and  cheaply  made. 

Figs.  242,  243  show  a  form  of  single-decked  cage  for  two  tubs 
placed  abreast,  a  type  much  used  in  rectangular  shafts. 
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Figs.  239,  240,  241.— Single  cage. 


Figs.  244-247  show  two  types  of  double-decked  cages,  in  one  of 
which  the  tubs  are  placed  abreast,  and  in  the  other,  which  is  usually 
more  suitable  in  circular  shafts,  end  to  end.  Cages  with  the  tubs 
placed  abreast  are  generally  more  suitable  for  rectangular  shafts, 
where  the  space  is  narrow  compared  with  its  length.     Figs.  248,  249 
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Figs.  244,  245.— Doable-deoked  cage  for  fonr  tubs. 
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show  the  detailed  oonstruction  of  a  cage  for  drawing  mineral  on  an 
inclined  shaft. 

Cage  Speeds. — The  speed  of  the  cage  in  the  shaft  may  be  anything 
between  15  and  40  ft.  per  second.  The  following  are  average  speeds : 
— depth,  50  to  100  fms.,  speed,  15  to  20  ft.  per  second;  100  to  150 
fms.,  speed  20  to  25  ft.  per  second ;  150  to  200  fms.,  25  to  35  ft.  per 
second ;  and  for  depths  above  200  fms.,  from  35  to  40  ft.  per  second. 

Fit-head  PnUeys. — Pulleys  used  on  pit-head  frames  are  usually 
made  either  of  cast  or  wrought  iron,  or  a  combination  of  both,  the 
rim  and  bosses  being  cast  and  the  spokes  constructed  of  wrought 
iron.      The  shape  of  the  groove  varies  with  the  shape  of  the  rope 
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Figs.  246,  247.— Double-deoked  cage  for  four  tubs. 


used.  The  size  of  pulleys  will  also  vary  between  6  and  20  ft.  in 
diameter,  according  to  the  size  of  rope  and  drum  used.  Where  wire 
ropes  are  used  they  should  be  as  large  as  possible  to  avoid  straining 
the  rope  by  too  sharp  a  bend,  a  common  size  being  between  12  to 
16  ft.  in  diameter.  The  diameter  should,  however,  be  in  proportion  to 
that  of  the  rope  used. 

For  a  steel  winding  rope  1  hi.  diameter,  a  pulley  not  less  than  10  ft. 
in  diameter  is  required,  and  for  ropes  from  1^  in.  to  If  in.,  pulleys 
should  be  15  to  20  ft.  in  diameter,  while,  as  a  rule,  they  ought  to  be 
$tbout  the  same  size  as  the  winding  drum. 
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Drams. — Winding  drums  are  either  oylindrioal,  conical,  or  spiral 
in  shape,  the  Brst-named  being  the  moat  common,  and  being  uaually 
oonstruoted  of  two  cast-iron  cheeks  fitted  or  keyed  on  to  a  wrought 
iron  shaft,  and  lagged  between  the  two  cheeks  with  strong  wood  deals 
for  the  rope  to  coil  on.    Sometimes  they  are  wholly  constructed  of 


Fias.  248,  U9.—Cage  for  iDclioed  sliaft 


wrought  iron  or  steel.  Conical  drums  should  have  a  spiral  grooTc 
running  round  them,  from  the  shorter  to  the  longer  diameter,  in 
order  to  keep  the  rope  from  slipping.  A  spiral  groove  should  also  be 
used  on  an  ordinary  cylindrical  drum  to  prevent  excessive  side  friction 
between  the  coils  of  rope  when  winding,  which  will  increase  its  life 
(see  fig.  350).     Drums  ought  to  be  made  as  light  as  possible  so  as  to 
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minimise  the  inertia  at  starting.     Good,  strong,  and  at  the  same  time 

light  drums  are  beet  made  of  steel. 

The  size  of  drum  used  will  greatly 
depend  on  the  size  of  engine  erected 
for  winding  and  upon  the  size  of  the 
rope,  but  it  is  a  mistake  to  use  very 
large  druma,  as  large  diameters  de- 
crease the  efficiency  of  the  engine.  In 
winding,  speed  requires  to  be  got  up 
quickly  each  wind,  and  with  large 
drums  this  will  not  be  so  easily  attained 
as  with  drums  of  smaller  diameter. 

The  drum  may  be  increased  1  ft.  in 
diameter  for  each  additional  2  lbs. 
weight  in  the  rope  per  fathom. 


Fia.  2B0.— Dnmi. 


Fta.  SGI. — Dram  with  block  and  brake. 


D]-um  Brakes.— It  is  desirable  that  a  good  reliable  and  efficient 
brake  should  be  at- 
tached to  the  drum  of 
all  powerful  high-speed 
winding  engines.  The 
power  should  be  applied 
as  near  to  the  centre 
of  the  drum  as  possible, 
and  a  large  leverage, 
from  150  to  200  to  1, 
given.  The  ordinary 
block  brake  is  very 
efficient,  and  is  largely 
used  in  Scotland  (fig. 
251).  In  this  brake 
two  blocks  of  wood, 
generally  elm,  are 
ike  device.  brought     into    contact 

with  an  iron  ring  fixed 
aide  of  the  drum,  and  the  power  applied  by 


either  on  the  centre  < 
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an  arrangement  of  levers  that  can  be  worked  either  bj  hand  or  foot 
by  the  engineman.  The  type  of  brake  shown  in  fig.  252  is  much 
used  hi  some  districts  of  ^gland.  It  is  one  which  is  arranged 
imdemeath  the  drum,  and  there  is  little  friction  when  the  engine  is 
at  work,  as  when  released  it  immediately  frees  itself  of  all  contact 
with  the  brake  *ring.' 

This  brake  is  appUed  by  a  toggle  joint  arrangement,  and  is 
arranged  so  that  it  can  be  worked  either  by  hand  or  steam  power. 
It  should  be  made  from  well-seasoned  blocks  of  elm  or  oak  wood. 

Another  form  of  brake — known  as  Bunis's  brake — one  that  gives 
good  results,  is  very  powerful,  and  has  also  the  advantage  of  being 
simple  in  construction,  is  shown  in  fig.  253.  In  this  brake  a  single 
block  of  wood  is  fixed  to  a  long  lever  and  applied  to  the  bottom  of 
the  drum,  the  leverage  being  in  the  ratio  of  200  to  1.  In  the  block 
holes  are  sometimes  bored  and  filled  with  sand,  which  renders  the 
brake  much  more  effective. 

Safety  Hooks. — In  no  class  of  work  about  a  colliery  is  there  more 
liability  to  accident  than  in  winding,  and  yet  such  accidents  are 
happily  rare,  no  doubt  owing,  in  a  large  measure,  to  the  careful 
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Fio.  268.-— Burns's  brake. 

handling  of  the  engines  by  those  in  charge.  When  it  is  considered, 
however,  at  what  speed  they  have  to  be  worked,  and  the  number  of 
times  the  cages  have  to  be  raised  and  lowered  even  in  the  course  of 
one  shift,  it  is  obvious  that  an  accident  due  to  overwinding  may 
easily  occur  even  with  the  most  careful  engineman,  as  some  portion 
of  the  engine  may  get  beyond  control,  and  prevent  it  from  being 
stopped  at  the  proper  position.  It  was  to  obviate  the  effects  of 
overwinding  that  safety  hooks,  which  have  been  applied  with  much 
success,  were  invented.  Many  colliery  owners  do  not,  however,  use 
these  hooks  or  other  safety  appliances,  because  they  are  likely  to  get 
out  of  order  and  not  act  when  required,  and  more  confidence  is 
placed  in  having  good  reliable  men  at  the  engines  than  in  any 
mechanical  contrivance.  There  have,  doubtless,  been  cases  where 
safety  hooks  have  not  fulfilled  expectations,  and  where  they  have 
even  broken  when  an  overwind  took  place.  But  this  may  happen 
with  any  piece  of  machinery,  particularly  if  it  is  not  properly  looked 
after  and  kept  in  good  working  order.  If,  on  the  other  hand,  the 
use  of  safety  hooks  renders  men's  lives  safer  in  the  event  of  an  over- 
wind^ there  is  no  good  reason  why  they  should  not  be  adopted  at  all 
collieries. 
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There  is  a  large  yariely  of  aafetj  books  before  tbe  public,  but  the 
principle  upon  which  they  act  is  practically  the  aame  Id  all.  Id 
some  the  rope  is  simply  released  when  the  cage  ia  overwound,  and  in 
others  the  rope  is  released  and  the  cage  held  Fast  simultaneously. 

Watker'i  Detaching  Hook. — This  is  one  of  the  moat  efficient  safety 


Fios.  2G4,  255.— Wtlker's  detaching  hook. 

hooks  in  use.  Its  principle  will  be  imderstood  from  figs.  254,  255. 
The  hook  consists  of  a  pair  of  jaws  D  D  working  on  a  centre  pin. 
These  jaws  are  held  together  and  made  to  retain  the  strong  action 
bolt  in  the  rope  shackle  A  by  means  of  the  clamp  K,  which  ia  kept  in 
position  by  the  copper  pins  1,  and  the  outward  pressure  due  to  the 
weight  of  the  load.     In    the   event  of  an  overwind,  the  jaws  pass 
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freely  into  the  ring  C,  which  is  a,  fixture,  but  the  flanges  K  of  the 
claiup  H  coming  into  contact  with  the  ring  C,  as  in  fig.  254,  is  held 
stationary  while  the  jaws  are  pulled  through,  with  the  result  that  the 
copper  pins  I  are  sheared  off,  and  the  hook  jaws  F  F  are  forced  open 
by  their  lower  portions  being  drawn  into  the  clamp,  in  which  position 
they  are  firmly  locked,  aa  rfiown  in  fig.  255 ;  the  rope  then  paasea 
over  the  pulley,  and  the  ioad  remains  suspended. 

This  hook  being  made  without  side  plates,  is  not  liable  to  get  fast, 
is  simple  in  construction,  and  can  be  quickly  and  easily  re-connected. 

Wa^g  Hook. — This  hook  is  also  simple  in  arrangement,  and  is 


Fio.  21(8.— Weat'e  hook. 

composed  of  the  body  A  (see  Gg.  266)  and  two  sliding  catches  B  and 
B',  fitted  with  a  copper  releasing  pin  C  and  a  locking  bolt  D. 

When  an  overwind  takes  place,  the  wedge-shaped  portions  of  the 
sides  B  6'  come  in  contact  with  a  fixed  plate  E,  and  are  forced  into 
the  outer  steel  box  A,  whilst  the  opposite  ends  are  forced  out  as  in 
the  figure,  allowing  the  shackle  and  pin  to  be  liberated  and  held 
suspended  on  the  plate  E. 

king  and  Rumble's  Hook. — This  hook  consists  of  two  outer  plates 
a  a  and  two  inner  plates,  all  of  which  are  pivoted  upon  a  strong 
centre  pin  b  (see  figs.  257,  256).  The  winding  rope  is  attached  to 
the  top  shackle  d,  and  the  cage  and  chains  to  the  bottom  shackle  e. 


WINDING  COAL. 


237 


The  wrought-iron  catch-plate  g,  through  the  centre  of  which  passes 
the  windmg  rope,  is  securely  fixed  to  the  head  frame  immediately 
under  the  pulley  wheel. 

In  the  case  of  an  overwind,  the  hook  is  partially  drawn  through 
the  centre  hole  in  the  catch  plate,  until  the  bottom  jaws  of  the  inner 
plates  of  the  hook  come  in  contact  with  the  underside  of  the  catch- 
plate,  when  they  are  pressed  inwards,  shearing  the  copper  pin  c, 
causing,  by  the  same  action,  the  upper  jaws  to  extend,  thus  releasing 
the  rope,  and,  at  the  same  moment,  the  hook  locks  upon  the  catch- 
plate.  The  latter  is  so  constructed  that  there  is  just  sufficient  space 
between  the  lower  jaws  and  the  locking  jaws  for  the  catch-plate  to 
insert  itself,  hence  the  hook  cannot  be  sufficiently  detached  through 
the  catch-plate  to  allow  the  locking  jaws  to  get  on  the  top  side  of 
the  plate.     As  soon  as  the  under  jaws  are  forced  out,  the  hook  is 


Figs.  257,  258.  —King  and  Humble's  hook. 

therefore  locked  on  the  upper  side  of  the  catch-plate.  King  and 
Humble's  hook  is  also  furnished,  in  case  of  an  overwind,  with  an 
automatic  lowering  arrangement  which  consists  of  an  elongated  slot 
just  above  the  centre  pin.  When  an  overwind  occurs,  the  rope  is 
brought  back  over  the  pulley  to  the  hook,  for  which  a  spare  shackle 
is  provided.  This  is  passed  through  the  rope  shackle  and  down  over 
the  hook  to  the  lowering  slot,  whereupon  the  rope  is  slightly 
tightened,  which  causes  the  inner  plates  of  the  hook  to  close,  and  the 
hook  with  the  cage  attached  can  now  be  lowered  on  to  the  pit  keps. 

Safety  Cages. —  Safety  hooks,  such  as  those  described  above,  are 
meant  only  to  prevent  accidents  in  cases  of  overwinding,  and  afford 
no  security  against  accidents  resulting  from  the  rope  breaking  while 
the  cage  is  running  in  the  shaft.  To  guard  against  this,  innumerable 
safety  cages  and  appliances  have  been  invented,  although  few  of  them 
have  proved  to  be  of  any  real  value  in  practical  working. 
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On  the  Continent,  as  in  Germany,  the  use  of  safety  cages  is  enforced 

by  law  ;  iu  Britain,  however,  such  appliances  are  not  compulsory,  and 

among  colliery  proprietors,  at  least  in  their  present  form,  find  but  little 

favour.     Most  of  them  depend  for  their  action  on  a  grip  or  spring 

which  ordinarily  is  not  in  contact  with  the  guides,  but  which,  in  the 

event  of    the   rope   breaking,   is  released,  and  clutches  them  in 

order  to  prevent  the  cage  from  falling.     While  they  may  be  of  some 

use  where  winding  is  carried  on  at  low  speed,  they  are  practically 

useless  at  most  modem  collieries  where  the  speed  is  often  very  high. 

In  such  cases  they  often  fail  to 

act  on  an  emergency,  or  allow 

the  cage  to  fall  back  with  such 

velocity    that    the    guides    are 

greatly  danu^ed  or  even  broken, 

and  the  cage  is  precipitated  to 

the  bottom  of  the  shaft.     If  men 

are  in  it,  the  shook  is  likely  to 

be  so  great  as  to  either  pit«h  them 

out  or  dash  them  against  the  top 

of  the  cage. 

Quite  recently  an  accident 
occurred  in  a  mining  district  in 
Germany,  with  one  of  these  pro- 
tected cages,  supplied  with 
safety  grips  and  a  controlling 
lever  worked  from  the  cage 
itself. 

Notwithstanding  these  pre- 
cautions, and  the  fact  that  every- 
thing was  in  working  order,  the 
appliances  proved  useless,  and 
gave  way,  with  the  result  that 
the  nine  men  in  the' cage  were 
killed. 
Fios.  26»,  280.— Adjiuiing  screws  for  "^^^    *»**   preventive  agtunst 

wiDdiog  ropta.  such  accidents  occurring  is  to  use 

only  the  best  quality  of  winding 
ropes,  to  give  them  careful  treatment,  and  to  inspect  them  frequently. 
Adjueting  Serewe.^ln  ordinary  practice  the  length  of  winding  ropes 
is  adjusted  by  increasing  or  diminishing  the  spare  coils  on  the  drum 
and  by  refixjng  them  or  cutting  a  portion  off  and  re-capping.  By  anch 
methods  it  ia,  however,  very  difficult  to  secure  exact  adjustment  with- 
out much  labour  and  care.  To  obviate  this,  adjusting  screws  have 
been  applied.  Figs.  359,  260  show  the  construction  of  these  screws. 
They  consist  of  a  strong  steel  rod  a,  terminating  at  each  end  in 
an  eye.  The  shackle  at  the  lower  end  of  the  rope  is  attached  to  the 
upper  eye.     A  round  block  b,  with  a  hole  in  each  end  large  enough 
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to  admit  of  the  easy  passage  through  it  of  the  screws  c  e,  is  placed 
in  the  lower  eye.  Screw  c,  2  J  or  3  ft.  long,  with  strong  threads  and 
an  eye  at  their  lower  end,  and  provided  with  nuts  d,  screwed  on  to  them, 
are  passed  through  each  hole  in  the  block,  and  the  nuts  e  are  then 
screwed  on  to  them  from  above.  Each  nut  6,  while  resting  on  the 
block,  supports  its  own  screw.  Two  triangular  plates  //,  with  a 
hole  at  each  angle,  are  attached,  by  means  of  pins  passing  through 
two  of  their  holes,  to  the  eyes  at  the  lower  ends  of  the  screws,  which 
they  then  enclose  between  them.  The  third  eye  in  each  of  these  plates 
hangs  vertically  below  the  steel  rod  which  supports  the  block.  A  third 
triangular  plate  g,  with  three  holes,  one  at  each  angle,  is  inserted 
between  the  two  first,  and  a  pin  is  passed  through  one  of  these  holes 
and  through  the  unoccupied  holes  in  the  two  plates  above  it.  Two 
short  pieces  of  chain  are  attached  to  the  remaining  holes  in  the  lower 
triangular  plate  by  means  of  shackles,  the  cage  being  attached  to  these 
chains.  The  ropes  can  be  adjusted  in  a  very  short  time,  without 
much  labour,  by  means  of  these  screws.* 

Cage  Props  or  Keps. — *  Keps '  or  *  props  *  are  required  at  most 
collieries,  as  a  rest  for  the  cage  and  to  keep  it  in  position  during  the 
changing  of  the  tubs.  At  some  collieries  no  keps  at  all  are  used, 
the  engineman  maintaining  the  cage  in  position  by  applying  the  brake 
to  the  winding  drum  until  the  tubs  are  changed,  by  which  means  the 
ropes  are  said  to  last  longer.  It  is  also  claimed  that  there  is  less 
liability  to  accident,  owing  to  the  absence  of  *  keps,*  which  require  to 
be  opened  and  shut  every  time  the  cage  comes  to  the  surface.  Unless 
the  cage,  however,  is  brought  to  a  dead  level  with  the  plates  on  the 
pit-head,  the  rope  undergoes  a  good  deal  of  jerking  during  the  opera- 
tion of  changing  tubs.  The  ordinary  form  of '  keps '  usually  consists  of 
four  legs  pivot^  at  right  angles  to  each  other,  and  attached  to  a  lever 
for  opening  or  shutting  them.  They  are  generally  allowed  to  swing 
out  while  the  cage  is  running  in  the  shaft,  and  are  automatically 
opened  by  the  cage  itself,  when  it  arrives  at  the  surface,  but  they 
have  to  be  opened  by  hand  when  the  cage  is  about  to  make  its 
descent.  The  commonest  form  of  keps,  made  wholly  of  iron,  is  shown 
in  fig.  261. 

Stauss  Keps. — In  these  keps  (figs.  262  to  265),  the  invention  of  a 
German  engineer,  the  cage  is  held  firmly  and  securely  in  position 
when  it  arrives  at  the  landing  stage,  and  is  released  again  for  descent 
into  the  shaft,  without  the  necessity  of  lifting  a  foot  or  two,  as  with 
the  ordinary  form,  to  allow  of  their  being  first  drawn  back,  which  often 
causes  a  sudden  jerk  or  strain  to  be  given  to  the  slack  rope. 

When  the  cage  is  to  be  held  fixed,  it  rests  upon  the  surface  y  of 
the  catches  or  tappets  c ;  these  catches  restuig  upon  the  part  z  and 
against  the  pin  b,  and  being  held  fast  both  in  a  horizontal  and  in  a 
vertical  direction.  The  latter  function  is  discharged  by  the  bell-crank 
€,  which  presses  against  the  shaft  d ;  whilst  horizontal  movement  is 
*  Lectures  on  Mining^  by  Prof.  Wm.  Galloway,  p.  7. 
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Fio.  261. — Arrangemeiitorkeiia. 


Fios.  262,  263. — Stnuss  kepi,  shut,  with  e*gB  nating. 
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prevented  by  the  crauk/,  which  presses  f^^inst  the  shaft  /,  through 
the  bolt  i,  of  the  lever  h.  la  this  way  the  steadiness  of  the  cage  ie 
secured,  and  displacement  is  prevented,  The  hand  lever  h  presses 
the  lever  k,  when  iu  this  position,  down  against  the  block  m,  which 
is  fixed  to  a  casting  u,  so  that  side  play  is  also  prevented. 

When  k  is  brought  into  the  position  shown  in  6g.  265,  and  indicated 
by  dotted  lines  in  fig.  264,  i  is  brought  to  the  position  %',  and  b  to  b', 
by  which  cage  means  the  catches  are  withdrawn  from  under  the  cage 
and  are  lowered  at  the  same  time,  so  that  the  latter  can  descend  the 
shaft.  When  the  cage  again  arrives  at  the  pit-mouth,  the  hand 
lever  h  is  pushed  back  into  its  first  position,  the  catch  e  projects,  and 
the  cage  is  secured. 

The  advantages  claimed  for  these  keps  are:  simplicity  of  con- 
struction and  working,  and  a  saving  in  ropes  and  engine-power,  the 
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FioB.  264,  2fl6.— StnuMkeps,  open. 

short  jerks  which  injure  the  former  in  lifting  the  cage  before  it 
descends  being  done  away  with. 

Hydraulic  keps  are  used  on  the  Contineut,  but  they  are  apt  to  get 
out  of  order,  and  are  not  reliable,  owing  to  their  complicated  nature 
and  to  the  water  freezing  in  the  pipes  in  winter. 

Fig.  266  shows  the  construction  of  these  keps.  Instead  of  four 
rigid  arms  (as  in  ordinary  kepa)  there  are  four  short  cylinders,  h  b, 
each  provided  with  a  stuffing-box  an^l  plunger  e.  Hinged  to  the 
top  of  each  plunger  are  movable  pieces  d  d,  which  take  the  place 
of  the  rigid  arms  in  ordinary  keps.  The  four  movable  pieces  are 
connected  together  by  means  of  rods  e  e  and  levers  //,  and  move 
inwards  and  outwards  like  the  arms  of  ordinary  keps.  The  cylinders 
are  connected  to  each  other  by  a  pipe  g,  common  to  all  four,  which 
also  communicates  with  the  cylinder  of  au  accumulator.  There  is  a 
Btop-cock  on  this  pipe  which  can  cut  off  communication  with  the 
accumulator.     Suppose  the  four  plungers   to  be    in   their   highest 
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position,  and  the  stop-cock  shut  as  in  the.  figure.  The  loaded 
cage  ascends  the  shaft,  and  reaching  the  surface  pushes  the  four 
movable  pieces  d  d  aside,  passing  up  between  them.  The  hitter 
immediatelj  fall  back,  and  the  edge  is  lowered  on  to  and  arrested 
by  them,  and  the  liquid  in  the  cylinders,  having  no  outlet,  prevents 
the  plungers  from  descending.  When  the  full  tuba  have  been 
replaced  by  empty  ones,  the  stop^Mwk  is  opened,  allowing  the  liquid 
to  pass  into  the  accumulator  until  the  movable  pieces  dd  Kta  clear 
of  the  cage. 

Antomatic  Apparatns. — In  the  case  of  an  overwind  much  damage 
is  often  done,  which  cannot  be  prevented  even  by  the  use  of  detaching 
safety  hooks,  the  objects  of  which  are  to  prevent  the  cage  from  falling 
back  in  the  shaft.  Appliances  are  also  used  to  prevent  loss  of  life 
if  the  cage  happens  to  get  overwound.     In  Germany  every  winding 


Fio.  288.— Hydraulic  kei* 

engine  requires  to  be  fitted  with  a  steam  brake  which  enables  it  to 
be  brought  to  a  standstill  at  once  when  required,  even  when  going 
at  full  speed. 

To  make  the  brake  self-acting,  a  hydraulic  arrangement  is  some- 
times used  which  the  cage,  when  lifted  too  high,  actuates  itself. 
About  half-way  between  the  winding  drums  and  the  shaft,  a  pump, 
with  reservoir  and  accumulator,  supplies  pressure   to  a  length   of 

!>iping  leading  to  the  shaft ;  and  further,  to  a  return  length  of  piping 
eading  back  to  the  steam  brakes  on  the  dnmi.  A  valve  at  the 
shaft  permits  the  pressure  from  the  accumulator  to  be  carried  further 
only  when  it  is  raised  by  a  lever,  which,  in  case  of  accident,  the  cage 
itself  will  actuate. 

The  pressure  thus  communicated  to  the  return  length  of  piping 
acts  on  a  vertical  cylinder  working  on  the  accumulator  principle,  and 
by  a  rod  and  system  of  levers,  may  cither  act  on  the  piston  rod  of 
the  steam  brake  direct,  or,  by  actuating  the  slide  valves,  admit  the 
steam  to  the  brake  cylinder  in  the  usual  manner. 
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The  Visor.  —  This  apparatus  also  has  been  designed  for  the 
purpose  of  preventing  overwinding,  and  has  been  in  use  at  the  pits 
of  the  Wigan  Coal  and  Iron  Co.,  Ltd.,  since  1888.  The  governors 
are  driven  by  suitable  gearing  from  the  crank-shaft  of  the  winding 
engines,  as  is  also  the  worm-wheel  shaft.  The  latter  makes, 
approximately,  one  revolution  per  wind,  and  carries  beaked  cams, 
which  can  be  adjusted  to  the  required  positions.  As  the  speed  of 
the  engines  increases,  the  governoi*s  rise,  and  move,  through  the 
medium  of  levers,  two  vertical  arms  with  attached  tappets  bringing 
the  latter  into  the  line  of  revolution  of  the  cams  on  the  worm- 
wheel  shaft.  Towards  the  conclusion  of  the  winding,  if  the  speed  of 
the  engines  is  reduced  suitably,  the  governors  fall  and  bring  the 
levers,  with  hooks  attached,  out  of  the  path  of  the  cams  on  the 
worm-wheel  shaft,  and  into  position,  so  that  the  cams  pass 
without  making  contact.  If  through  any  cause  the  speed  of  the 
engines  is  not,  however,  suitably  reduced  as  the  cages  approach  the 
top  and  bottom  of  the  shaft,  the  governors  fail  to  collapse,  and  one 
of  the  beaked  cams  on  the  worm-wheel  shaft  makes  contact  with  one 
of  the  vertical  levers,  the  sliding  frame  is  drawn  up,  the  pawl  raised 
out  of  the  notch  in  the  bar  in  the  bottom  of  the  frame,  and  the 
weight  at  the  other  end  immediately  falling,  upsets  the  propped  and 
weighted  levers,  and  applying  the  steam  and  foot  brakes  shuts  off 
the  steam,  and  thus  arrests  the  engines.  The  apparatus  begins  to 
act  about  two  or  three  revolutions  from  the  top,  giving  time  to  pull 
up  gradually,  but  if  the  speed  of  the  engines  is  maintained  too  long, 
the  visor  comes  into  operation. 

Size  of  Winding  Engine. — The  calculation  of  the  proper  size  and 
strength  of  the  various  parts  of  a  winding  engine  belongs  more 
to  the  province  of  the  mechanical  than  to  that  of  the  mining  engineer. 
Nevertheless  at  most  of  the  examinations  for  colliery  managers' 
certificates,  questions  on  the  sizes  of  winding  engines  are  set,  often 
with  very  insufhcient.  data  to  work  on,  and  sometimes  with  such  as 
no  mechanical  engineer  would  accept. 

The  load  which  an  engine  has  to  overcome  is  of  two  kinds — viz.,  a 
*  dead  load '  at  the  beginning  of  the  wind,  and  a  '  live  load '  when 
the  cage  is  in  motion.  It  requires  more  force  to  move  a  dead  load 
than  to  keep  a  live  load  in  motion. 

The  simplest  method  of  calculation  is  to  take  the  work  done  in 
the  shaft  during  one  revolution  of  the  drum,  at  the  worst  part  of 
the  wind.  This  will  be  at  the  moment  of  the  cage  coming  to  the 
surface,  at  the  moment  when  the  cage  with  the  empty  tubs  has 
landed  in  the  pit-bottom,  and  before  the  full  cage  has  been  brought 
to  rest  by  the  keps,  so  that  the  engine  has  the  full  weight  to  support 
without  deriving  any  advantage  from  the  descending  cage. 

To  leave  sufficient  margin  the  load  may  be  taken  as  equivalent 
to  the  combined  weights  of  the  coal  raised,  the  rope,  and  the 
empty  tubs. 
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The  diameter  of  the  cylinder  may  then  be  calculated  from  the  eqaation, 
D^  X  '7864  xPxLx2xE=Wx  circamference  of  drum, 


V  •7854xPxL 


drum 


Lx2xE 

When  D  =  diameter  of  cylinder  in  inches. 

P  =  effective  steam  pressure  in  lbs.  per  sq.  in. 
L=lenffth  of  stroke  in  feet. 

£  =  modulus  or  efficiency  of  engine  (taken  at  ^  for  coupled  engines). 
G= circumference  of  drum  in  feet  (diameter  x  3 '1416). 
W = weight  of  load  in  lbs.  (coal  +  rope  +  tubs). 


EZAMPLR. 

Calculate  the  size  of  winding  engine  required  to  draw  500  tons  per  shift  of 
eight  hours  from  a  depth  of  250  yds.  What  length  of  stroke,  steam  pressure,  and 
size  of  drum  would  be  required  t 

Tons  per  minute  =  --—  -  =  1  '04. 
^  8x60 

Suppose  the  speed  of  cage  is,  on  an  average,  20  ft.  per  second. 

Then  dumtion  of  wind=^?P^i??*=?5?JL»  =  374  eeoonds. 

speed  of  cage        20 

Allow  for  time  to  change  tubs  at  top  and  bottom  (say  15  seconds). 

Total  duration  of  wind  =  87  '5  + 1 5 = 52  '5  seconds. 

Calling  this  53  seconds  to  avoid  fractions,  the  load  of  coal  raised  per  wind 

_l'04x53 

60 
=  •91  ton,  or  18*2cwts. 


Suppose  that  two  tubs  are  raised  each  wind,  each  tub  holding  10  cwts.  of  coal, 

and  weighing  4  cwts.  when  empty  ;  4x2  =  8  cwts. 

Take  the  weight  of  cage  at  three-fourths  the  weight  of  coal  raised  =  13*8  cwts. , 

Then  coal +  tubs+ cage =18*2  +  8 +  13 '8  =  40  cwts.,  or  2  tons. 

Then  to  find  the  circumference  of  rope  as  a  preliminary  to  finding  its  weight — 


C=^?^M^^2xl0^2.58  5„  ^^^ ^-O in.) 

W,  in  this  case,  being  the  total  weight  just  found  (2  tons). 

Weight  of  rope  in  lbs.  per  fathom = C^  x  '9  =  5 '99  (or  6  lbs.  per  fathom). 

.-.  Total  weight=6x?^ =750  lbs. 

Allow  the  effective  steam  pressure  to  be  50  lbs.  per  sq.  in.,  and  the  diameter  of 
drum  to  equal  150  x  diameter  of  rope, 

2-6  X  150  ^iQ.g^  g^y  II  f^  diameter. 


12x3-1416 
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Then,  applying  the  formula  given  abore, — 

D"  X  7854  xPx  Lx2xE=Wx  circumference  of  drum 

D* X  -7854  X  60  X  L  X  2  X  |  =  ((18-2  x  112)+(8  x  112)  +  760)  11  x  8*1416 

D2x-7854x60xLx2x-8={2088-4  +  896  +  760}llx8-1416 
D^x Lx  60  X  •2  =  1842*2x11 
D=xL=^842-2xll 

60  X -2 
=  2026-42. 

The  length  of  stroke  should  be  2  to  2)  times  the  diameter  of  cylinder. 
Assume  a  stroke  of  4^  ft. 

Then  D«=???^=460-81 ; 
4*5  ' 


and  D  =  V460-81  =  21-2  in.  (or  22  in.). 

From  the  above  calculation,  the  size  of  engine  required  would  be  a  pair  of  coupled 
horizontal  engines  with 

Cylinders  22  in.  diameter ; 
Length  of  stroke  4)  ft,  working  with  an 
Effective  steam  pressure  of  60  1&.  per  sq.  in.  ;  and 
Diameter  of  drum  11  ft  ; 

the  cage  being  taken  at  18*8  cwts.,  and  the  two  tubs  at  4  cwts.  each,  with  a 
circular  steel  rope,  2 '6  circumference,  weighing  6  lbs.  per  fathom. 

This  method  of  calculation  is  not,  of  course,  eiven  as  theoretically  correct,  but 
it  will  give  an  approximately  correct  answer  to  tne  question. 

Professor  Merivale  gives  the  following  formula  for  calculating  the  size  of 
cylinder  when  the  engine  is  counterbalanced : — 


C 

A=- 


('4) 


LP 

Where  L= twice  the  length  of  stroke  in  feet. 
G= circumference  of  drum  in  feet 
W= weight  of  coal  per  wind  in  lbs. 
A = area  in  sq.  in.  of  two  cylinders  ;  or  half  the  area  of  cylinder 

if  there  be  but  one. 
P= maximum  pressure  of  steam. 

Taking  this  formula  for  the  above  case — 

11  X  8-1416  X  f  2038-4 +  ???^*'\     „^  ^     „^^^  ^ 
. ^_ 2      y_34-6x  3067-6 

4-6x60x2  "       226  0 

=284*41  sq.  in. 

.\'D  =  s,/^^^  =  l7-S'm.,  diameter o/cylinder. 
V   7864 

The  size  of  winding  engine  required  can  also  be  worked  oat  in  the  following 
way: — 

Example, — What  diameter  of  cylinder  would  be  required  to  raise  1000  tons  of 
coal  from  a  depth  of  200  fms.  in  eight  hours ;  the  tubs  6  cwts.  each,  and  carry 
14  cwts.  of  coiu,  4  tubs  bein^  raised  on  each  cage,  the  latter  weighing  40  cwts.  f 
The  effective  steam  pressure  is  to  be  60  lbs.  per  sq.  in.,  the  stroke  of  engine  6  ft, 
and  the  diameter  of  the  winding  drum  16  ft 

Tons  per  hour=- — -=126,  winds  per  hour=-——^  — =44*6,   or    46    for  con - 
*^  8  4x14 

venience.    Time  per  wind  =  — ^ —  =80  seconds ;  and  assume  the  time  taken  to 

45 
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change  the  tubs  is  20  seoonds,  thea  the  actual  time  occupied  in  windine  will  be 
80  -  20  =  60  seconds,  and  as  the  shaft  is  1200  ft.  deep,  the  average  speed  of  cage 

will  be       -  =20  ft.  per  second.     The  maximum  velocity  will  be  about  double 

this,  or  40  ft.  per  second.    The  time  in  which  this  velocity  is  obtained  may  be 
taken  as  }th  of  the  total  time  of  winding,  or  8 '56  seconds. 
The  circumference  of  rope  required.* 

=      /  ^~~=      /  ^'Q         =     /l5lZ=426in. 

\   M     1-1x2240    \   10"  i -1x2240 

Weight  of  rope  per  fathom = C^  x  '9 = (4  -25)'  x  '9 = 16  '8  lbs.     If  the  head  gear  is 
60  ft.  high,  then  the  total  weight  of  rope  is  210  x  2  x  16*3  =  6846  lbs. 

Let  W= weight  to  be  set  in  motion ;  two  cages,  coal,  empty  tubs  on  cage,  two 
winding  ropes  from  pit-head  pulleys  to  pit-bottom. 
y= greatest  velocity  obtained,   uniformly  accelerated  from  rest =40  ft 

per  second. 
^= gravity =32 -2. 

^=time  in  seconds  during  which  Y  was  obtained =8*55  seconds. 
L= unbalanced  load  on  engine = coal. 
P= effective  steam  pressure  in  cylinders =60  lbs.  per  sq.  in. 
N  =  number  of  cylinders = 2. 
5= space  passea  through  by  crank  pin  in  time  t. 
e=§  constant  to  reduce  angular  space  passed  through  by  the  crank  to 

distance  passed  through  by  the  pist6n  during  time  t, 
A = area  of  cyhnder  in  square  inches. 
D  =  diameter  of  cylinder  reauired. 
/=  allowance  for  friction  of  engines,  etc.,  taken  at  20  to  30  per  cent 

(a)  The  greatest  work  the  winding  engine  has  to  do  is  to  get  the  mass  W  into 

a  certain  velocity,  uniformly  accelerated  from  rest.    This  work  is  difficult  to 

calculate  properly,  for  to  do  so  the  energy  required  to  set  the  winding  drum  and 

pulleys  in  motion  would  have  to  be  accurately  ascertained.     To  allow  for  this 

energy  to  move  these  parts,  the  mass  W  has  been  taken  to  include  the  weight  of 

the  two  winding  ropes  and  the  two  cages. 

WV 
Resistance  due  to  gravity  and  inertia  =  —  . 

gt 

WV    Yt     WV* 

Work  done  in  overcoming  resistance  =  —  x  -r-  = • 

*  gt   "^  2        2g 

(b)  To  raise  the  unbalanced  load  L,  distance  passed  over  in  time  t. 

WV«        V^ 

Work  done  in  ft.  lbs.  =  L  x  Y^   .-. A = J%-—-J  . 

2  PxSxNxC 

If  the  load  is  balanced,  L=4  x  14x112  =  6272  lbs.,  and  W=24,318  lbs.     In 
time  t  the  drum  will  make  about  2*5  revolutions,  .*.  S  =  2'5  x  5  x  3 '1416  =  39*25. 

^"  60x.H9-25x2x§  -W&  17. 

Allowing  20  per  cent,   for  friction,  A   =  535-17   +   107*03    =  612*20,  and 
D=,/l*2'20 


=  28 '4  in.    The  size  of  the  winding  engines  would  therefore  be 


■7854 
28*4  in.  diameter  with  a  5-fL  stroke. 


See  formula  for  calculating  size  of  winding  ropes,  pages  217,  218. 


CHAPTEB  XI. 

HAULAGE. 


Classificatioii  of  Methods. — The  different  modes  of  haulage  employed 
underground  may  be  classified  as  follows : — (1)  Manual  labour ; 
(2)  horse  haulage;  (3)  self-acting  inclines;  (4)  mechanical  haulage 
by  stationary  engines  placed  either  at  the  surface  or  underground ; 
(5)  electrical  or  compressed  air  locomotives. 

Haulage  Boads. — ^There  is  hardly  anything  of  greater  importance 
to  an  effective  system  of  underground  haulage  than  the  laying  down 
of  the  road.  A  good  road  when  properly  constructed  should  last 
as  long  as  the  colliery  without  entailing  a  great  deal  of  repair  or 
expense.  On  the  other  hand,  a  badly  arranged  and  badly  laid  road 
will  cause  continual  trouble  and  anxiety  and  entail  great  expense 
for  repairs,  so  that  it  will  cost  far  more  in  the  long  run  than  a  good 
road,  to  lay  down  which  may,  at  first,  be  a  little  more  expensive. 

Bails. — The  different  rails  in  use  are  of  three  patterns,  the  flat- 
bottomed  made  of  cast  iron  or  steel,  the  *  bridge '  rail  made  either 
of  wrought  iron  or  steel,  and 
circular-head  rails  usually  made 
of  steel. 

Flat-bottomed  rails  made  of 
cast  iron  with  side  flange  were, 
at  one  time,  almost  universally 
employed,  but  the  pattern  of  tub 
wheel  required  with  this  descrip- 
tion of  rail  occasioned  so  much 
friction,  that  it  is  being  almost 
entirely  abandoned  in  favour  of 
the  newer  and  more  efficient 
circular-head  or  T-rail,  except  in  old  collieries  where  there  are  large 
stocks  of  old  rails  which  it  is  desirable  to  use  up.  The  newer  kind 
of  rail  gives  the  minimum  of  friction,  is  easily  laid,  and,  when  made 
of  steel,  lasts  a  long  time.  It  generally  weighs  from  14  to  20  lbs. 
per  yard  according  to  the  size  of  tub  used  and  the  weight  of  load. 
For  main  haulage  roads,  the  heavier  sections  should  be  selected. 
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Figs.  267,  268.— Section  of  rails. 
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Friction  of  Rails, — The  force  required  to  overcome  friction  is 
usually  estimated  at — 

8  to  10  lbs.  per  ton  on  a  surface  railway  (tIt). 

32  „  edge  of  T-rails  underground  (t^o^). 

70  ,,  flat-bottomed  or  tram-plate  rails  underground  (^). 

Method  of  Laying  Boads.— Where  a  large  amount  of  coal  has  to 
be  hauled  over  a  road,  the  rails  ought  to  be  well  laid,  on  some  such 
system  as  on  a  surface  railway,  with  joints  'fish-plated'  and  rails 
well  keyed  and  with  plenty  of  *  chairs.' 

On  the  best  haulage  roads  the  rails  are  sometimes  laid  on  longi- 
tudinal sleepers,  which  are  held  together  by  cross  sleepers,  with  the 
joints  of  the  rails  fish-plated.  The  longitudinal  sleepers  are  often 
ordinary  white  pine  planking  9  in.  x  3  in.,  and  the  cross  sleepers 
5  in.  X  1^  in.  Wrought-iron  and  steel  sleepers  are  also  used  in 
place  of  the  ordinary  wooden  sleepers.  Laying  roads  with  iron  or 
steel  sleepers  naturally  costs  a  good  deal  more  than  when  wood  is 
employed,  but  the  greater  durability  and  stability  more  than  com- 
pensate for  the  increase  in  first  cost.  Figs.  269,  270,  271,  show^  the 
method  of  laying  such  roads,  and  will  require  no  further  explanation. 

GaiAge,—ThQ  gauge  will  depend  upon  several  considerations,  such 
as  whether  the  wheels  project  beyond  or  are  under  the  body  of 
the  tub,  the  inclination  of  the  seam,  etc.  It  may  vary  from  between 
18  to  36  in.,  24  in.  being  a  common  gauge.  Narrow  gauges  are 
most  suitable  for  flat  seams,  but  where  the  inclination  is  great  the 
gauge  should  be  increased  in  proportion.  The  writer  has  seen  a 
gauge  of  36  in.  employed  where  the  inclination  was  between  30** 
and  45*. 

Tubs. — These  are  variously  called  *  trams,'  *  corves,'  *  hutches,'  or 
'  tubs,'  in  the  different  mining  districts.  The  body  is  usually  rect- 
angular in  shape,  but  sometimes  they  are  semicircular  at  the  bottom, 
which  increases  their  capacity  for  a  given  height.  The  design  and 
size  of  tubs  used  will  be  governed  by  the  varying  conditions 
under  which  they  are  required  to  work,  such  as  the  thickness  of 
seam,  height  and  inclination  of  roads,  and  whether  manual  or  other 
kinds  of  haulage  are  most  largely  used.  For  thin  seams  where 
manual  labour  is  used  to  any  considerable  extent  for  haulage  the 
tubs  should  be  made  of  small  capacity  and  weight.  A  tub  to  hold 
10  to  12  cwts.  should  not  weigh  more  than  4  cwts.  if  constructed 
of  wood,  or  5  cwts.  if  of  iron.  The  capacity  varies  greatly,  and  may 
be  anything  between  5  and  40  cwts.,  but  an  average  size  is  from 
10  to  15  cwts.  In  the  South  Wales  coal-field  tubs  holding  30  to 
40  cwts.  are  often  used,  while  in  some  of  the  thin  seam  collieries 
of  Somersetshire,  and  in  Scotland,  tubs  holding  7  to  9  cwts.  of  coal 
are  common.  The  advantage  in  having  large  tubs  is  that  fewer 
windings  at  the  pit  shaft  need  be  made  per  diem  for  a  given  output, 
and  that  their  capacity  is  large  in  proportion  to  their  weight.     On 
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the  other  haud,  they  are  elumsy  to  handle,  and,  if  derailed,  are 
difficult  to  place  on  Uie  raila  again.  On  the  whole,  a  tub  of  medium 
capacity,  i.e.  12  to  15  cwts.,  is  to  be  preferred,  as  it  can  be  moved 
about  easily  and  lifted  on  to  the  rails  by  one  man  when  necessary. 

Matenain  of  Cowstruetion. — Tubs  may,  as  has  been  stated,  be 
constructed  either  o(  wood,  wrought  iron,  or  steel.  Opinions  differ 
among  mining  men  as  to  which  of  these  materials  is  best.  For 
light  loads  wood  is  very  commonly  used,  and  it  has  the  advantage  of 
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Fles.  269,  270,  271.— Hatbod  of  laying  railB. 

being  cheap  and  light,  while  the  cost  of  maintenance  and  repair 
b  less  than  for  steel,  and  less  skilled,  i.e.  cheaper  labour  is  required 
for  constructing  and  repairing  wooden  than  for  iron  or  steel  tubs. 
Again,  it  not  infrequently  happens  that  even  in  the  best  regulated 
oollieries  a  train  of  tutn  breaks  away  on  inclined  haulage  roads, 
and  when  such  an  accident  takes  place,  the  tubs  will  be  more  or 
less  smashed  and  broken.  It  made  of  wood  they  can  soon  be  re- 
paired, even  although  they  may  be  badly  damaged,  whereas  if 
constructed  of  wrought  iron  or  steel  they  would  be  so  twisted  and 
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bent  that  the  work  of  a  skilled  blacksmith  would  be  required  tor 
their  repair.  Id  thick  seaoiB  lying  at  a  comparatively  amall 
iticliuatioD,  iron  or  steel  tubs  are  preferable,  especially  if  the  load 
is  targe  (20  to  40  cwts.)- 

Figs.  272,  273,  274  show  the  oonstruotioa  of  a  tub  designed  by 
the  author  and  built  of  wood.  The  framework  is  made  of  two 
'  tnms '  of  larch  wood  4  J  in.  x  3}  in.,  held  together  by  oak  '  starts ' 
3^  in.  xl^  in.,  and  further  strengthened  by  two  iron  rods  1  in. 
diameter.     The  body  is  of  larch  cleading   IJ  in.   thick,  bound  at 


w 


•rrm 


fwr, 
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FiOB.  272,  273,  271.  — Detuls  of  conatmodon  of  wooden  tab. 

the  aides  and  ends  with  pieces  of  sheet-iron  angle  ^  ia  thick.  It 
is  also  bound  round  the  top  with  a  band  of  wrought  iron.  The 
capacity  is  9J  cwte.  when  filled  to  the  level  of  the  sides,  and  about 
12  cwts.  when  heaped  up  above  them.  The  coat  of  such  a  tub 
would  be  fttout  £2,  I5s.  or  £3  complete. 

Figs,  :27s,  276,  277  show  a  tub  constructed  of  steel  sides  and  ends 
resting  on  a  wooden  frame.  The  latter  ia  of  larch  held  together  by 
oak  '  starts '  4  in.  x  2  in.  The  sides  are  of  steel  ^  in.  thick,  and 
angle  iron  2J  in.  x  2J  in.  x  J  in.  running  round  the  bottom,  and 
-)so  at  each  conier,  in  order  to  bind  the  sides  and  ends  together. 
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The  capacity  of  such  a  tub  is  10  cwts.,  or  12  to  14  cwts.  when  heaped. 
The  estimated  cost  is  J&4,  10s. 

Arrangement  of  Pit-bottom. — The  first  consideration  in  any 
system  of  haulage  is  to  have  the  pit-bottom  laid  out  so  as  to  best 
accommodate  the  tubs  as  they  come  and  go.  Many  pit-bottoms 
are  too  confined,  which  may  be  a  saving  in  first  cost,  but  is  never 
satisfactory  in  working.  It  should  be  so  arranged  that  all  the 
empty  tubs  can  be  taken  off  the  cages  at  one  side  and  the  full  tubs 
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Figs.  275,  276,  277.  —Construction  of  steel  tub. 

placed  on  at  the  other.     Where  it  can  be  carried  out,  this  is  the 
most  satisfactory  aiTangement. 

Figs.  278,  279  show  the  arrangement  of  the  pit-bottom  at  Eamock 
Colliery.  Here  the  coal  is  raised  from  two  levels,  and  these  are 
so  arranged  that  both  decks  of  the  cage  can  be  charged  at  the  same 
time,  without  the  cage  being  moved.  Fig.  278  shows  a  section  of 
the  shaft  which  more  clearly  explains  the  working.  On  the  top 
deck.  Ell  coal  is  caged,  while  the  lower  deck  is  reserved  for  coal  from 
the  Main  and  other  seams.  To  carry  this  out  the  lower  level  had 
to  be  formed  in  the  strata  above  the  Main  seam,  and  a  stone  mine 
driven  at  an  inclination  in  order  to  catch  the  coal.  Fig.  279  shows 
the  plan,  which  will  be  readily  understood.  On  both  sides  of  the 
pit-bottom  there  are  double  roads  for  full  tubs  and  a  road  for 
empties.  On  the  side  A,  which  is  worked  by  main  and  tail  rope, 
the  road  for  the  empties  dips  away  from  the  shaft  for  a  certain 
distance  at  a  gradient  of  1  in  50  and  then  rises  to  the  level  of  the 
other  road  at  an  inclination  of  1  in  30,  so  that  no  labour  is  entailed 
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in  pushing  the  empty  tubs  forward  to  the  desired  position.  The 
two  full  roads  on  each  side  are  constructed  to  hold  about  80  tuba. 
From  the  high  to  the  low  stage  a  by-road  ia  formed,  so  that  if 
there  is  not  sufficient  coal  coming  in  to  keep  the  low  deck  going,  a 
train  of  tubs  can  be  run  down  from  the  high  level  A  to  the  low 
level  B.  The  whole  arrangement  works  very  well,  over  1200  tons 
being  often  raised  in  eight  hours,  with  four  tubs  on  each  cage.  Of 
course  this  arrangement  would  not  suit  in  every  case,  but  it  may  be 
taken  as  an  illustration  of  a  well-planned  pit-bottom. 

Haulage. — Manual  labour. — The  method  of  hauli^e  by  men  and 
boys  can  only  be  employed  with  advantage  where  the  drawing  roads 
are  of  moderate  length  and  comparatively  level,  and  where  the  tubs 
are  small.  If  the  length  of  road  is  great,  or  the  inclination  high,  it 
is  the  most  expensive  system  that  can  be  adopted,  and  in  any  case 
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Fio,  278,— Eleyation  of  pit-bottom. 

it  is  always  bettor,  where  the  height  of  seam  will  allow,  to  bring  the 
tubs  direct  from  the  face  by  means  of  ponies  or  by  some  other  method 
of  traction.  Manual  haulage  should  therefore  be  confined  to  short 
distances  on  level  roads.  In  some  small  collieries  where  the  seams 
are  thin  and  the  roads  flat,  it  is  ofton  the  only  method  employed  for 
hauling  the  coal  from  the  faces  to  the  pit-bottom. 

Honse  TrnrHnn. — Haulage  by  horses  is  employed  more  or  leas  in 
nearly  all  collieries,  there  being  sometimes  100  to  150  horses  under- 
ground. If  the  inclination  of  the  roads  ia  not  too  great,  it  ia  often 
an  economical  and  convenient  form  of  haulage,  eapcciallv  if  there  is 
a  slight  inclination  in  favour  of  the  load  towards  the  pitbottom.  A 
horse  is  capable  of  exerting  a  tractive  force  of  120  lbs.,  when 
travelling  at  the  rato  of  two  to  three  miles  per  hour,  and  can  keep  this 
^or  a  period  of  ten  hours,  which  enables  it  to  draw  24,000  lbs.  or 
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10  tona  for  a  distance  of  twenty  mil^  or  200  tons  for  a  diatance  of 

one    mile    per    diem.      Two-thirds    of    this 

estimate  is  a  fair  average  of  the  work  which 

a    horae    usually    porforniB.      The    mileage 

depends  greatly  on  local  circumstances,  but 

on  moderately  level  roada  horaes   ought   to 

travel  fifteen  or  sixteen  miles  per  day,  and  in 

roads  dipping  1  in  20,  eight  or  ten  miles  per 

day,  if  the  roada  are,  in  each  case,  in  good 

order,  with  long  runs  and  few  stoppages. 

Home  lioads. — The  most  economical  form 
of  horee  road  is  where  the  work  done,  in 
drawing  in  an  empty  load,  is  equal  to  the 
work  done  in  taking  out  a. full  load;  which 
for  edge  rails  should  be  an  inclination  of 
about  1  in  HO,  or  \  in.  per  yard,  in  favour 
of  the  full  load. 

When  F  =  friction  of  full  load, 

/=frictioa  of  empty  load,  and 
Gand  (f=graTity  due  to  full  and  empty  I 

loaOB  respectirely,  S 

F-G=/+ff.  ;s 

If  Infraction  representing  gradient,  S 

H^heiglitofincIinsaboTe  horizontal,  ^ 

L  =  length  of  iodine,  ° 

W=weightorrulllowJ, 
empty  load, 


H      „    WH,  I. 


I=^"orG 


butaBlaIflo  =  i^  .'-  '^=-1'     ' 

Jixainplc. — What    ehoald  be  the   gradient  for  a 
horse  haulage  road,  if  the  load  oonsiBta  of  12  tuba, 
each  holding  Ifi  cwts.,  and  weighing  C  cwts.  when 
empty,  allowing  t^  for  friction  1 
/■12xl6\_/12'c6\ 
,     \     70     )     \    70    J 
'~    (12xl5)  +  (12x5) 
180    60     180-80 
_  70  "7Q_      70    "_1-71_    1 
180  +  80        240        "SJT'TJT' 
or  1  in  HO  (the  gradient  required). 

Fe''din(!  of  Horses. — This  forms  one  of  the 
heaviest  items  in  the  keeping  of  horses  under- 
ground, as  a  fair-sized  horse  will  cost  10s.  to 
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1 2s.  per  week  for  food  and  bedding  alone.  The  aim  is  to  keep  horses  in 
the  best  possible  condition  at  the  minimum  of  cost,  and  this  can  be 
easily  accomplished  if  the  right  feeding-stuffs  are  selected.  Formerly 
the  feeding  consisted  chiefly  of  boiled  food,  composed  largely  of 
beans,  barley  and  bran,  along  with  dry  hay.  Now  it  has  been 
pointed  out  by  qualified  authorities,  that  bran  has  little  or  no  feeding 
value  imless  as  a  laxative,  and  that  barley  and  beans  should  only  be 
used  sparingly.  Nearly  all  collieries  now  adopt  dry  feeding,  or 
'  chop,'  as  it  is  termed,  for  the  horses,  this  being  found  to  keep  them 
in  harder  and  better  condition  than  soft  or  boiled  food.  The  latter, 
however,  has  its  place,  as  animals,  like  men,  appreciate  a  change,  and 
this  may  be  given  at  least  once  a  week  with  advantage.  Some  green 
food  during  siunmer  will  also  be  relished,  and  is  beneficial.  The 
following  '  chop  *  is  sometimes  given  : — 

Cut  hay,    .  .            .            .  8   cwtB. 

OatB,  .  5      ,, 

Beans,  .  2^    ,, 

Indian  corn,  .            .            ,  2i    „ 

XT  oas,           •  •  A       f  I 

Total,    .  .       20      „ 

Mr  J.  B.  Hamilton,  in  a  paper  read  before  the  Mining  Institute  of 
Scotland,  gave  the  following  mixtures  for  a  daily  feed  : — 

Beans  or  peas, 
Maize  (bruised), 
Oats, 

Bran,  • 

Hay  (cut),  . 
Straw  (cut), 

26  „  26    .,  28  „ 

No.  1  is  a  daily  feed  for  a  pony  about  fifteen  hands  high  hardened 
to  its  work ;  No.  2  for  same  size  of  pony  new  to  work ;  and  No.  3  is 
for  a  pony  doing  no  work. 

Mr  Hunting  *  says  that  the  quantity  of  food  must  be  regulated 
by  the  amount  of  work  required ;  but  about  100  lbs.  of  com,  crushed 
and  mixed  with  about  56  lbs.  of  chopped  hay,  will  form  an  average 
week's  provender  for  each  horse.  He  considers  that  beans  (or  peas) 
and  hay  with  either  (1)  oats  and  bran,  (2)  barley  and  bran,  (3)  oats 
and  maize,  (4)  maize,  will  form  equally  good  mixtures,  and  that  we 
must  be  guided  in  our  selection  by  current  prices. 

Feeding  is  not,  however,  the  only  thing  to  which  attention  should 
be  devoted.  Keeping  horses  in  good  condition  requires  a  plentiful 
supply  of  good  clean  drinking  water,  and  they  must  also  be  properly 
bedd^,  and  above  all,  kept  well  cleaned  and  groomed.  It  is  too 
often  left  to  the  pony  driver  to  attend  to  these   matters,  but  no 
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greater  mistake  can  be  made,  especially  if  there  are  sufEcient  ponies 
to  afford  work  for  an  oetler,  as  many  pony  drivers  are  mere  boys, 
who  have  no  experience  whatever  aa  to  how  a  horse  ought  to  be 
cleaned,  and  the  majority  of  them  are  too  carelese  to  pay  much 
attention  to  the  aeede  of  the  horae  or  pony  under  their  chaise. 
Wherever  there  are  more  than  a  dozen  horses  underground,  it  will, 
aa   a   rule,   pay    to    put  ^^^^^^^^^^^^ 

them  under  the  chaise  ^^^H^HHBHMMMMMHB^HBi 
of  a  competent  OBtler  or 

horse  -  keeper.         Horoes  Patmaga 

should  eUso  have  an 
opportunity  of  eating 
during  working  hours, 
as  their  work  ia  ex- 
hausting, and  a  horse 
cannot  retain  sufficient 
food  to  maintain  it  for 
long  intervals.  Provision 
should  therefore  be  made 
at  the  lyes  or  sidings, 
where  the  horses  stop, 
for  them  to  obtain  food 
while  waiting,  A  visit- 
ing veterinary  surgeon 
should  also  be  appointed, 
where  there  are  a  large 
number  of  horses,  to  ' 
examine  them  periodi- 
cally, and  to  report  upon 
their  condition.  Horses 
underground  ought  to 
be  properly  shod  at 
stated  intervals.  The 
cost  of  shoeing  will  on 
an  average  amount  to 
about  6d.  per  week. 
The  total  cost  of  each 
horse  per  week  may  be 
estimated  at  12s.  to  15s.,  including  shoemg,  attendance,  repairs  to 
harness,  feeding,  and  bedding. 

Stables. — The  arrangement  of  the  stables  is  a  very  important 
matter,  and  it  will  pay  to  expend  some  thought  and  care  in  planning 
them.  Many  stables  are  merely  formed  in  the  workings,  without 
any  attempt  at  flooring  or  drainage,  the  result  being  that  the  floor 
gets  worn  into  holes,  making  it  very  uncomfortable  for  the  animals 
to  rest  on. 

Figs.    280,    281    show    the   construction  of  stables  as  sometimes 


1,  281.— I'Uu  and  section  of  stableo. 
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adopted.  The  stalls,  which  are  walled  in  on  each  side  with  a  brick 
wall  14  in.  thick,  are  9  ft.  x  6^  ft.  x  6  ft.  A  gutter  is  formed  down 
the  centre  of  the  lower  half  of  the  stall,  and  connected  with  a  main 
gutter  running  at  right  angles  to  it,  and  in  the  direction  of  the  road- 
way. A  tram  road  is  laid  along  between  the  rows  of  stalls,  for 
convenience  in  cleaning  them,  and  a  passage  is  also  constructed 
along  the  head  of  each  stable  for  the  distribution  of  food.  The 
floor  should  be  well  laid  with  bricks,  laid  sideways,  and  carefully 
cemented  in,  the  floor  having  a  rise  towards  the  head  of  about  2  in. 
in  the  yard.  A  large  watering-trough  should  be  placed  outside  the 
stables  for  the  horses  to  drink,  when  going  to  and  returning  from 
work. 

Cost  of  Horse  Haulage, — The  cost  of  horse  haulage  depends  on 
various  conditions,  such  as  the  gradient  of  the  road,  the  condition  of  the 
rails,  roads,  and  tubs,  especially  the  wheels,  and  whether  the  roads 
are  wet  or  dry.  The  cost  of  horse  haulage  at  the  faces,  ue,  lifting 
tubs  from  the  faces  to  mechanical  haulage,  may  be  taken  as  9d.  to 
Is.  6d.  per  ton  per  mile ;  the  cost  of  horse  haulage  when  used  for 
conveying  coal  from  lyes  to  the  pit-bottom,  in  rakes  or  sets,  may  vary 
from  2d.  to  6d.,  or  sometimes  as  high  as  Is.  per  ton  per  mile.  The 
cost  for  keep  of  horses,  shoeing,  harness,  etc.,  has  to  be  added.  This 
may  be  taken  at  ^d.  to  |d.  per  ton  per  mile.  Prof.  William  Galloway 
gives  the  following  details  of  the  cost  of  secondary  haulage,  i.e, 
collecting  tubs  from  working  places  and  conveying  them  to  sidings : — 


System. 

Handputter, 
Horse, 

Pony. . 
Uana, 

Agents. 

Unit  of 
Weight. 

Day's 
Work. 

Cost  per 
Day. 

Cost  per 

Ton  per 

MUe. 

Boy,     . 
Man         and 

horse, 
Lad  and  pony, 
Man,    . 

lbs. 
550 

2800 
896 
896 

yard,  tons. 
1610 

6864 
6677 
6252 

s.       d, 

2  0 

6      6 
4       5i 

3  8 

s,       d, 
2      2-8 

1       8 
1       4-8 
1       2-74 

1 

In  these  examples  the  gradient  of  the  roads  where  the  diflerent 
agents  are  employed  will  vary  considerably. 

Self-acting  Inclines. — Self-acting  inclines  may  be  divided  into 
three  different  classes: — (1)  Balance  braes  or  jig  brows,  where  a 
balance  weight  is  used.  (2)  Self-acting  incline  working  with  two  tubs 
on  the  cut-chain  principle.  (3)  Self-acting  inclines  working  in  the 
ordinary  way  with  trains  of  tubs. 

In  the  great  majority  of  mines,  the  conditions  are  such  that  very 
often  one  or  all  of  the  above  sorts  of  incline  can  be  employed.  Where 
the  inclination  of  the  seam  is  sufficient  to  allow  them  to  run  freely, 
they  form  very  easy  and  economical  means  of  haulage. 

Balance  Brae  or  Jig  Brow. — This  is  the  simplest  form  of  self-acting 
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incline,  and  iB  usually  emplojed  at  the  faces  for  bringing  out  a  single 
tub  at  a  time,  to  a.  siding  or  main  incline.  It  is  worked  by  a  rope  or 
chain,  more  usually  the  roriner,  passing  round  a  wheel,  18  in.  or 
24  in.  diameter,  fixed  between  two  iron  jaws  which  terminate  in  a 
screwed  bolt  passed  through 
a  prop  at  the  face,  and  held 
tight  by  a  nut  and  washer 
(fig.  2S2).  Two  seta  of  rails 
are  provided,  one  set  having 
a  narrow  gauge  for  a  loaded 
carriage  or  bogie  to  run  on, 
and  the  other  set  with  wide 
gauge  for  the  tub  to  run  on. 
The  bogie  is  filled  with  scrap 
iron,  and  is  generally  so 
balanced  that  it  can  bring 
up  the  empty  tub  without 
requiring  any  brake  on  the 
wheel.  The  full  tub  on  de- 
scending draws  the  loaded 
bogie  up  to  the  face,  and  the 
Ix^e  on  descending  brings 
up  the  empty  tub.  To  pre- 
vent the  loaded  caiTiage  from 
running  back,  when  the  full  7 
tub  is  disconnected  from  the  „      „„„     ,.    . 

rope,   at   the   foot   of   the   in  Fm.  282, -J,g  brow  arr^^ment 

cline,  the  rope  is  held  fast  as  ("i«'""«>nModUi.^tt*fl«,riine  Ln.ita«.i™t 
shown    in   fig.   283.      To  the 

short  piece  of  chain  attached  to  the  capping  of  the  rope,  an  auxiliary 
piece  is  fixed.     To  a  double  sleeper  is  fiied  a  bolt  over  which  a  link 


To  flope 


of  the  auxiliary  chain  is   passed,  and  held  in   position  by  a  pin. 
This  holds  the  rope  in  position  until  the  empty  tub  is  attached. 

Jigs  are  best  suited  tor  seams  where  the  gradient  is  greater  than 
1  in  6,  and  the  author  has  seen  them  working  satisfactorily  in  roads 
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having  an  inclination  of  35"  to  40^  but  in  such  cases  great  caution 
must  be  exercised,  and  the  roads  should  be  thoroughly  well  laid.  In 
highly  inclined  roads  the  wheel  at  the  face  ought  to  be  provided  with 
a  hand  brake  as  shown  in  the  sketch,  and  the  prop  well  notched  into 
the  roof  and  floor.  Unless  this  is  carefully  attended  to,  accidents  are 
almost  sure  to  occur. 

Gut-chain  Incline, — This  is  a  somewhat  different  form  of  self-acting 
incline  to  the  above,  for  instead  of  a  loaded  carriage  being  used,  a 


' 


Branch  Road 


Brmneh  Road 


Fio.  284. — Enlarged  plan  of  out-chain,  showing  main  and  branch  roads, 

with  lift  rails  out  of  position. 

regular  double  road  is  required,  and  the  weight  of  the  full  tub  going 
down  brings  the  empty  tub  up  to  the  face.  This  system  is  largely 
used  in  Fifeshire  and  other  districts  of  Scotland,  and  can  be  employed 
either  in  stoop  and  room  or  longwall  working,  if  the  inclination  is 
sufficiently  great.  The  working  of  this  system  will  be  understood 
from  figs.  284-286. 

Method  of  Working  the  Cut-chain  Incline. — Suppose  a  tub  requires 
to  be  run  down  from  A,  the  portion  of  the  chain  not  required  is 
detached  and  left  lying  on  the  road  betw^een  the  rails.  The  full  tub 
.is  then  attached,  run  down,  and  an  empty  one  brought  to  A' ;  another 
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The  rope  puses  round  a  irheel  at  the  top.  W,  fig.  88fl,  and  has  conneotions  or 
'  cnts  at  Bach  of  the  '  hanging  on  '  stagee,  A  B  C  D,  at  none  of  which  are 
anj  platforms  used,  but  the  rood  is  levelled  out  and  two  plataa  P  P,  figs. 
284,  285,  with  lift  rails  RR,  uass  over  tliein  to  the  mils  on  the  opposite 
side.     F^.  288  shows  ■  plan  of  how  these  branches  at ^ 


ranged. 


FiGM,  285,  288.— Cut-chain  incli 
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Figs.  287,  288. 


full  tub  should  be  kept  ready  at  A'  to  be  run  down  and  bring  up  an 
empty  to  A,  so  that  the  chain  can  be  again  connected  and  ready  for  a 
*  cut '  at  any  of  the  other  branches  B  B',  C  C,  D  D'.  At  the  parts 
where  the  chain  is  cut,  special  links  are  required  for  disconnecting 
and  reconnecting  the  chain.  These  links  are  shown  in  figs.  287,  288. 
The  thin  part  a  of  the  link  in  fig.  288  is  made  so  that  it  fits  the 
link  in  fig.  287  through  the  opening  6.     When  the  two  links  are  thus 

connected,  it  is  impossible  for  them  to  be  separated, 
as  no  other  part  of  the  link  except  the  part  a  can 
pass  through  the  opening  h. 

At  each  branch  road,  highly  inclined  (30°  to 
45°)  from  the  horizontal,  the  roadway  is  levelled 
out  and  cast-iron  plates  laid  down,  with  *lift'  R 
rails  to  pass  over  them  to  connect  the  rails  above 
and  below  the  branch.  When  a  tub  is  being  run 
down  from  a  branch  road,  these  *lift'  rails  are 
lifted  out  of  position  and  laid  aside  until  the 
full  tub  is  taken  down  and  the  empty  one  brought 
up,  when  they  are  again  replaced,  which  leaves  the 
road  joined  up  ready  for  tubs  to  be  run  from  any 
of  the  other  branches  above.  If  the  gradient  does  not  exceed  1  in  4 
or  1  in  3,  the  lift  rails  are  usually  dispensed  with,  the  floor  of  the 
road  at  the  branches  simply  being  levelled  out  somewhat,  and  the 
plates  laid  down  with  a  gradient  of  1  in  15  to  1  in  20,  and  the  tubs 
allowed  to  run  over  them  without  the  aid  of  the  *lift'  rails.  To 
enable  the  tubs  to  pass  easily  over  these  plates,  they  are  cast  with 
a  groove  the  gauge  of  the  wheels,  so  that  when  the  tub  leaves  the 
rails  the  flanges  of  the  wheels  enter  these  grooves,  in  which  they  run 
until  the  rails  are  again  entered  upon  below  the  branch. 

When  branch  roads  are  worked  from  one  side  of  the  heading  or 
incline,  the  arrangement  for  running  the  tubs  is  somewhat  different.* 
A  wheel  is  fitted  up  at  the  top  of  the  heading  in  the  way  already 
described,  and  the  chain  passed  round  it,  one  end  reaching  the  foot 
of  the  incline  and  the  other  lying  near  the  top.  At  each  branch 
road  or  *  cut '  there  is  a  disconnecting  or  cut-link  in  the  chain  as  in 
the  first  arrangement,  so  that  the  upper  portion  can  be  disconnected 
as  required.  At  the  branch  roads  plates,  with  grooves  in  them,  are 
laid  down  in  the  same  same  way  as  shown  for  the  incline,  with  branches 
worked  from  both  sides.  At  a  short  distance  above  these  plates, 
about  6  ft.  or  so,  a  small  grooved  wheel  is  fixed,  preferably  between 
the  two  lines  of  rails.  Whenever  a  tub  requires  to  be  run  down 
from  any  of  the  branch  roads  the  chain  is  disconnected  at  the  cut- 
link,  and  the  end  of  the  lower  portion  passed  round  this  small  pulley 
and  connected  to  the  end  of  the  load  tub.  To  prevent  the  tub  from 
running  off"  before  the  chain  is  attached,  a  block  made  of  a  piece  of 
wood  4  or  5  inches  square  and  of  sufficient  length  to  stretch  across 

*   Trans,  Inst.  Min.  Bng,y  vol.  xiv.  p.  196. 


ijoth  rails,  is  fiied  across 
them.  This  block  turns 
on  a  bolt  at  one  end,  and 
when  in  position  is  fixed 
by  an  iron  pin  at  the 
other  end,  which  passes 
through  the  block  into 
a  plank  or  sleeper  on  the 
roadway.  When  the  end 
of  the  chain  has  been 
drawn  i-ound  the  wheel 
and  fixed  to  the  tub,  the 
latter  is  run  down  to  the 
foot  of  the  incline,  an 
empty  tub  being  brought 
up  on  the  other  lino  of 
rails  to  the  branch  rood. 
Like  the  arrangement 
previously  described,  two 
tubs  should  be  run  from 
each  branch  so  as  to 
bring  the  chain  back  to 
its  original  position  ready 
for  connecting.  If  this 
is  not  done,  and  only  a 
single  tub  is  run  down, 
the  position  of  the  chain 
reaching  from  the  branch 
road,  from  where  it  has 
been  '  cut,'  will  have  to 
be  lifted  across  to  the 
centre  of  the  line  of  rails 
where  it  was  originally, 
and  this  can  only  be  done 
if  there  are  no  centre 
props  on  the  incline.  On 
the  wheel  at  the  top,  if 
the  gradient  rcijuires  it, 
a  brake  is  fitted,  operated 
from  each  of  the  branches 
or  benches  by  means  of 
a  wire  attached  to  the 
brake  -  handle,  and  led 
down  the  whole  length 
of  the  incline. 

A  largo  amount  of  coal 
can   he    run   down    these 
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inclineB  when  they  are  properly  conBtnicted.    They  are  best  auited  for 
lengths  of  60  to  100  fins.,  bejoud  which  they  do  not  work  so  well. 

The  aame  Bystem  can  also 
be  used  with  a  balance 
weight  ill  long-wall  working 
where  it  is  often  difficult  to 
keep  the  road  wide  enough 
for  a  double  tmm  road. 
The  cut-chain  Bystem  can  he 
worked  on  any  inclination 
from  10°  up  to  45°. 

Self-adiTig    Indiiie    with 
Trains  of  Tuha.—lhis  ia  the 
commonest  form  of  incline, 
and  can  be  used  with  great 
advantage  where  the  gradient 
is  suitable.     The  most  usual 
arrangement  ia  to    have    a 
g     rope   passing   two  or   three 
'•%     times     round    a    drum     or 
•-■     wheel,    to     give     sufficient 
="     friction    and    prevent    slip. 
.J     The  drum  or  wheel  is  fitted 
^     with  a  good  brake,  and  the 
^     rope  is  attached  to  the  full 
-a     train  of  loaded  tubs,  which 
d     by  their  own  weight  bring  a 
S     train  of  empties  to  the  top 
K     of    the    incline.      The   best 
plan    ia   to    have   a   double 
road  throughout  (fig.   289), 
as     the    incline    will    work 
more  satisfactorily  than   by 
using  two  or   three  sets  of 
rails.     If  the  roof  is  bad  it 
may   be    diflicult   to    make 
and  maintain  a  road  of  suffi- 
cient width    to  admit  of  a 
double  train  line  throughout. 
In   such    circumstances  two 
or  three  rails  may  be  used 
with  a  pass-by  in  the  centre. 
Fig.   290  shows   an    incline 
with  three  rails  and  pass-by. 
Figs.  281.  2B2.— Eiidlesa  ohiun  incline.  If  the  inclination  is  great 

the  best  results  are  got  by 
a  drum  instead  of  a  wheel  for  lowering  the  tube,  as  it  can  be  better 
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kept  under  control ;  on  the  other  hand,  the  ropes  are  more  difficult  to 
keep  in  line  with  the  roads,  owing  to  the  lapping  of  the  ropes  on 
the  drum.  If  the  inclination  is  not  too  great  a  suitable  wheel  gives 
very  good  results,  and  has  the  advantage  of  taking  up  little  space, 
and  the  ropes  can  be  kept  in  a  straight  line  with  each  road,  if  the 
wheel  is  fixed  horizontally.  About  3*  is  the  least  inclination  an 
incline  will  work  at  easily,  but  the  length  of  incline  is  a  determining 
factor,  as  the  longer  the  incline  the  greater  will  be  the  weight  of 
rope  and  the  friction.  On  the  other  hand,  the  shorter  the  length  of 
incline  and  the  heavier  the  load,  the  better  will  it  work. 

Self-acting  inclines  are  sometimes  worked  on  the  endless  rope  or 
chain  principle,  with  the  tubs  attached  singly  at  stated  distances 
apart.  Where  the  conditions  are 
suitable  this  plan  yields  very  good 
and  economical  results.  Figs.  291, 
292  show  the  arrangement  of  such 
an  incline  worked  with  an  endless 
chain,  and  fig.  293  illustrates  the 
brake  wheel  used  on  this  kind  of 
incline,  and  which  is  somewhat 
differently  arranged  to  an  ordinary 
incline  wheel,  as  the  attendant  has 
to  handle  the  brake,  and  also  to 
attach  the  tubs  to  the  chain.  The 
tubs  are  attached  to  the  rope  at 
intervals  of  20  to  30  yards ;  where 
a    tub     has    to    be    attached    the  Fio.  293.  —Brake  wheel, 

attendant    applies   the    brake    and 

brings  the  rope  to  a  standstill ;  the  tub  is  attached,  and  the  rope  is 
allowed  to  move  until  the  next  interval.  The  advantages  claimed 
for  this  system  are :  small  cost  for  upkeep  of  rolling  stock,  the  slow 
speed  causing  fewer  breakages;  regularity  of  delivery;  and 
economical  working.  The  length  makes  little  difference,  and  there 
is  a  little  less  expenditure  in  making  benches  at  the  top  and  bottom 
of  the  incline.  Although  roads  with  regular  gradients  are  best 
adapted  for  the  application  of  this  system,  it  can  also  be  successfully 
employed  upon  roads  the  inclination  of  which  varies. 

To  find  the  gradient  at  which  a  self-acting  incline  will  work,  the 
following  method  can  be  employed  : — 

Let  W  =  weight  of  full  train  of  tubs. 
w=       ,,        empty        „ 
Wj  =        ,,        rope  or  chain. 
F  =  friction  of  full  train. 
/=         ,,        empty  train. 
fi=        „        rope,  rollers,  etc. 
I  -  tangent  of  angle  of  inclination. 

The  weight  of  the  full  load  must  be  able  to  overcome  that  of  the  empty  load 
plus  the  friction  of  both  loads,  and  of  the  rope,  drums,  rollers,  and  accessories ; 
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that  is,  (W  X  I)    F  must  be  gi^eater  than  (W  x  1)+/,  and  (W  -  v)  I  greater  than 
F+Z*.     From  this  reasoning  we  can  establish  the  formula — * 

(w-«.-«.,)xi»(F+/+/i)  .'.  i=w^;^t/ 

The  angle  of  inclination  thus  obtained  would  be  that  at  which  the  pull  of  the 
full  train  would  exactly  balance  the  resistances  on  the  incline,  so  that  it  would 
require  a  greater  angle  of  inclination  to  enable  the  system  to  work  easily. 

Example, — Find  the  angle  of  inclination  for  a  self-acting  incline  to  act  properly 
if  the  trains  consist  of  10  tubs,  the  gross  load  of  each  full  tub  being  16  cwts. 
and  each  empty  tub  weighing  5  cwts.  The  weight  of  the  rope  is  to  be  taken  at 
5  lbs.  per  fathom,  the  length  of  the  incline  160  fms.,  and  the  weight  of  drums 
at  8  cwts.  The  friction  of  the  tubs  may  be  taken  at  7V1  ^^'^  that  of  the  rope  and 
drums  at  ^. 

/10xl6xll2\     /10x6xll2\     (8 x  112)  + (150  x 5) 

Then  I  A  70  ^1         70         F  20      

(10x16x112)  -  (10x5x112)  -(8  x  112) +  (160  x  6) 

^      256  +  80  +  82-8      .il8:8_J_, 
17,920-6600-1646     10,674     25-6 

To  make  the  incline  work  easily,  it  should  be  20  per  cent,  steeper,  e.g,^  1  in  20. 

Carriage  Inclines, — When  the  inclination  exceeds  45°  a  carriage  is 
employed  to  enable  the  tubs  to  assume  a  horizontal  position. 

Fig.  294  shows  the  construction  of  such  a  carriage,  which  may  be 
made  to  hold  two,  four,  or  six  tubs.  These  carriages  are  much  used 
on  the  Continent,  where  the  measures  are  greatly  inclined.  Thej 
are  also  used  in  England  and  in  the  oil-shale  and  coal-mines  of  the 
Lothians  in  Scotland.  On  the  Continent  such  inclines  are  often 
worked  with  a  balance  weight  with  a  single  road,  so  arranged  that 
the  balance  weight  passes  under  the  carriage  at  the  point  of  meeting. 

Blocks. — At  the  top  of  all  inclines  means  must  be  adopted  to 
prevent  the  loaded  tubs  from  running  prematurely  dow^n  the  incline. 
This  is  usually  accomplished  by  means  of  blocks  or  stops.  A  common 
form  of  stop  used  is  simply  two  blocks  of  wood  working  on  pivots, 
one  of  which  crosses  the  rail  for  the  tub  wheel  to  rest  against,  and 
abuts  on  the  other,  which  is  placed  at  right  angles  to  it. 

*  Staple '  or  *  Blind  *  Pits, — It  often  happens  that  the  coal  is  lowered 
from  one  seam  to  another  by  means  of  *  blind '  or  *  staple '  pits 
instead  of  by  an  incline.  These  pits  are  not  so  expensive  to  make  as 
an  incline,  and  if  properly  fitted  and  the  depth  is  not  great  a  large 
quantity  of  coal  can  be  lowered  by  their  means.  The  arrangements 
at  the  top  of  these  pits  are  shown  in  figs.  295,  296.  The  pits  are 
usually  fitted  with  two  cages  like  an  ordinary  winding  shaft,  the 
cage  with  the  full  tub  being  able  to  outbalance  and  raise  the  cage 
with  the  empty  tub.  Sometimes  one  cage  only  is  used  along  with  a 
balance  weight,  but  this  is  not  such  a  good  arrangement.  In  work- 
ing, these  pits  ought  to  be  carefully  fenced  to  prevent  tubs  from 

*  It  must  be  remembered  that  in  the  above  formula  I  does  not  represent  the 
angle  of  inclination,  but  the  tangent  of  that  angle.  The  former  can  be  found 
from  the  latter  by  consulting  trigonometrical  tables. 


beiug  pushed  into  them  when  the  cage  is  iiotjin  position.     Monj 
accidents  have  taken  place  through  lack  of  this  precaution. 


Fio.  294.— (Jamage  fur  tub  oa  indines. 

Haulage  hy  Stationary  Engmes. — We  now  come  to  the  different 
systouia  of  haulage  by  stationary  engines,  which  play  such  important 
partfl  in  the  succcseFul  working  of  modem  collieries.  These  systems 
can  be  divided  into — ■ 

(1)  Direct  h4ulaKe  or  singk  rope  bauliige. 

(2)  Main  and  tail  rope  haulage. 
(8)  Endless  ohain  haalsge. 

(4)  Endleaa  rope  haulage. 

The  workings  of  a  colliery  may  be  so  distributed  that  two  or  more 
of  the  above  systems  of  haulage  can  be  applied  in  different  sections 
or  localities. 

Direct  Hope  Haulage. — When  the  inclination  is  sufficiently  great 
for  the  train  of  tubs  to  run  down  of  their  own  accord,  and  to  over- 
come the  friction  of  the  ropo  to  which  they  are  attached,  and  of  tubs, 
drum,  etc.,  a  single  rope  may  be  used  with  advantage.  An  engine 
with  a  single  drum  is  employed,  the  latter  being  so  arranged  that  it 
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cau  be  tlirown  out  of  gear  aud  run  loose  ou  the  shaft.  The  engine 
drawB  the  full  train  of  tubs  against  the  inclination  to  the  pit-bottom, 
while  the  empty  train  rtms  iii-byo  and  drags  the  rope  after  it,  the 
drum  being  out  of  gear  and  running  loose  on  the  engine  shaft. 

To  work  this  system  sticccsHfnlly  the  inclination  should  be  not  lees 
than  1  in  26.     For  single  rope  liaulage  the  engine  is  best  placed  at 


Anwigement  of  brake  nbeel  for  staple  [lit. 


the  pifr^bottom,  as  this  gives  the  engineman  the  advantage  of  liaving 
everything  in  view,  and  mistakes  are  not  so  apt  to  be  made  by  taking 
the  tubs  too  far  when  the  train  is  approaching  the  bottom.  The 
main  advantage  of  this  system  is  that  it  is  cheap,  so  far  as  first 
cost  is  concerned,  a  single  road  and  one  rupe  only  being  required, 
while  any  number  of  branches  can  be  easily  worked  by  the  same 
engine. 

Main  aryl  Tail  Rope  Haulage. — When  the  inclination  is  insuflieient 
or  irregtilar,  aud  the  empty  train  unable  to  run  in-bye  by  it«  own 


weight,  it  is  necessary  to  use  another  rope  called  a  'tail'  rope  to 
draw  in  the  empty  tnbs.  The  tail  rope  is  wound  on  a  drum  on  the 
same  shaft  as  the  main  rope  dnim,  and  passes  along  the  side  or  roof 
of  the  roadway,  till  it  reaches  the  far  end  of  the  road,  where  it  passes 
round  a  wheel  e  placed  either  vertically  or  horizontally  (6g.  297), 
and  comes  on  to  the  main  roadway,  where  it  is  attached  to  the  end 
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of  the  full  train  of  tubs,  the  main  rope  being  attached  to  the  front  of 
the  latter.  The  tail  rope,  therefore,  requires  to  be  twice  the  length 
of  the  road. 

Working  of  System. — Suppose  an  empty  train  of  tubs  to  be  stand- 
ing at  the  pit-bottom  ready  to  be  haul^  in  to  the  workings,  the 
drum  with  main  rope  will  be  thrown  out  of  gear,  and  allowed  to  run 
loose  on  the  driving  shaft,  while  that  on  which  the  tail  rope  is  wound 
will  be  in  gear.  The  engine  will  haul  the  empty  train  in-bye  with 
the  tail  rope  attached  to  the  front  of  it  and  the  main  rope  attached 
to  the  back.  When  the  loaded  train  has  to  be  hauled  out-bye  these 
conditions  will  be  reversed,  the  tail  rope  drum  will  be  thrown  out  of 
gear  and  the  main  rope  thrown  in  gear,  the  tail  rope  being  now 
attached  to  the  back  of  the  train  and  the  main  rope  to  the  front. 
The  tail  rope  is  usually  a  good  deal  lighter  than  the  main  rope,  as  it 
is  only  required  to  haul  in  the  empty  tubs.  It  will  be  seen  from  the 
above  that  this  system  of  haulage  requires  a  length  of  rope  three 
times  the  length  of  road,  the  tail  rope  requiring  to  be  twice  the 
length  and  the  main  rope  equal  to  it,  so  that  when  both  ropes  are 
connected  to  the  train  of  tubs  it  practically  becomes  an  endless  rope 
working  on  a  single  road. 

Guiding  the  Ropes. — As  only  a  single  road  is  used,  the  tail  rope  is 
guided  either  along  the  side  of  the  road  or  along  the  roof ;  whichever 


Figs.  2d8,  299.— Guides. 

method  is  adopted  the  pulleys  ought  to  be  set  so  as  to  run  freely, 
otherwise  there  is  great  wear  and  tear  on  the  ropes.  When  the  tail 
rope  is  guided  overhead,  the  pulleys  are  often  fixed  as  shown  in  figs. 
298,  299.  A  pulley  or  roller  is  hung  by  means  of  two  hangers, 
about  6  in.  X  3  in.  x  |  in.  tapering  to  |  in.  diameter  at  the  top,  where 
it  is  fixed  to  a  bearer  by  means  of  a  nut  and  washer.  For  guiding 
the  rope  along  the  side  of  the  road  the  arrangement  of  pulley  shown 
in  fig.  300  may  be  adopted.  If  there  are  curves  on  the  road,  swing- 
ing pulleys  (fig.  301)  should  be  used,  which  will  enable  the  rope  to 
take  the  line  best  suited  to  it.  Fig.  302  shows  the  general  arrange- 
ment of  road  with  pulleys  for  main  and  tail  ropes. 

Detaching  the  Rope. — When  the  train  of  tubs  is  near  the  shaft  the 
rope  is  detached,  and  the  hauling  engine  brought  to  a  standstill. 
The  rope  may  be  disconnected  either  by  hand  or  automatically. 
When  this  is  done  by  hand  a  common  shackle  may  be  used  (fig.  303), 
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the  coouecting  bolt  having  an  eye  for  a  small  pin  to  paaa  through  to 
prevent  it  from  working  out. 

More  frequently  an  automatic  'knock-off'  is  used,  as  shown  in  fig. 


Fins.  300,  aoi.-^nides. 

Other  'knock-off'  arrangements 


Pio.  302. — General  arrangement  of  roads 
for  main  or  tail  ro^ 


e  illustrated  in  figs.  305, 


306. 

A    somewhat  different  arrangement   for  automatically  detaching 
.  the  rope  is  shown  in  figs.  307,  308.     This  apparatus,  which  is  often 


Fio.  303.— Shackle. 

termed  a  '  monkey,'  is  placed  on  the  front  of  the  train  of  tubs,  and 
consiBtB  of  a  crank  a,  working  on  a  standard  I/,  which  is  fised  to  the 
tub  by  a  fork  arrangement,  or  special  clamp  fitted  to  the  tub.     To 


,ic  knock-olf  arrangement. 


the  end  of  the  crank  is  a  cbain  c,  witb  a  pin  at  the  end  for  filing 
the  rope.  At  the  place  where  it  is  desired  to  detach  the  rope,  a 
beam  is  fixed  across  the  road  sufficiently  low  to  strike  the  upright 
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lever  of  the  crank,  thus  raising  the  chain  with  the  pin  and  releasing 
the  rope. 

Working  Branch  Roads, — Branches  from  the  main  road  are  worked 
by  means  of  separate  ropes,  which  pass  round  a  wheel  at  the  extreme 
end  of  each  branch,  and  extend  to  the  junction  with  the  main  road. 
The  working  and  connecting  of  these  branch  ropes  may  be  done  in 
three  different  ways.  In  two  of  these  the  connection  is  made  when 
the  empty  train  is  brought  to  the  junction  of  the  branch  road,  while 
in  the  third  method  the  connection  is  made  while  the  empty  train  is 
standing  at  the  shaft.  In  the  first  method,  if  an  empty  train  requires 
to  be  taken  into  branch  a  (fig.  309),  the  end  h  of  the  main  line  tail 
rope  is  disconnected  from  the  train,  and  the  end  h'  of  the  branch 
rope  is  attached  in  its  place.     The  main  line  tail  rope  is  also  cut  at 
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Fms.  806,  306.  — Other  knock-off  contrivances. 

a,  and  the  other  end  of  the  branch  rope,  a,  connected  to  it;  the 
tubs  are  then  drawn  into  the  branch  road.  In  the  second  method 
(fig.  310)  the  main  line  tail  rope  is  disconnected  at  b,  and  the  end 
a  of  the  branch  rope  connected  to  the  tubs ;  the  engine  now  draws 
the  rope  forward  a  short  distance,  and  the  other  end  of  the  rope  is 
connected  to  c,  the  train  being  then  ready  for  hauling  in.  In  the 
third  system  the  ropes  are  so  arranged  that  when  the  full  train  on 
the  main  road  reaches  the  shaft,  the  two  disconnecting  points  yy 
(fig.  311)  are  just  opposite  the  branch  c.  If  a  supply  of  tubs  is 
wanted  in  this  branch,  the  rope  is  *  cut  'at  y  y,  and  the  ends  a;  a;  of 
the  branch  rope  are  connected  instead,  before  the  train  of  tubs  leaves 
the  pit-bottom ;  a  run  can  then  be  made  into  the  branch  without 
stopping  at  the  junction,  which  makes  the  work  both  simpler  and 
more  expeditious. 

The  main  and  tail  rope  system  of  haulage  is  extensively  used  in 
some  districts,  notably  in  the  North  of  England,  where  at  one  time 
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it  waa  employed  to  the  exdusioD  of  every  other  method.  The  speed 
at  which  the  rope  travels  is  high,  varying  from  six  to  twelve  or  fifteen 
milee  per  hour.  To  ensure  aucceas  with  this  system,  the  roads  should 
be  as  straight  as  possible,  and  well  laid  with  heavy  rails.     Where 
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FioB.  307,  308.— Tho*Monkey'knoek-oft. 

there  are  curves  on  the  road,  the  rope  should  be  carefully  guided 
with  bevel  pulleys,  and  'check'  rails  used  to  keep  the  tuba  from 
becoming  derailed.  A  modification  of  this  system  ia  sometimes 
adopted,  in  which  an  endless  rope  is  -worked  in  opposite  directions  as 


i'lia.  309,  310.  — Wiirking branches, 

required,  but  this  metliod  is  not  at  all  to  be  recommended,  and  should 
only  be  used  under  exceptional  circumstances. 

The  advantages  of  the  main  and  tail  rope  method  of  haulage  are 
tliat  only  a  single  road  is  required,  the  first  coat  being  consequently 
less  than  with  endless  rope  haulage  with  double  road ;  roads  witJti 
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irregular  inclinations  and  curves  can  be  worked  easily,  although  the 
system  is  best  adapted  for  straight  roads  with  regular  inclinations, 
and  branch  roads  can  be  worked  with  facility.  But  against  these 
advantages  must  be  placed  the  following  disadvantages  in  the  working 
of  the  system : — 

(1)  The  high  rate  of  speed  at  which  the  rope  travels  causes  fast  wear  of  the 

rope,  and  much  damage  if  the  tubs  get  derailed. 

(2)  The  irregular  delivery  of  tubs  at  the  pit-bottom. 

(8)  Larger  engines  are  required  to  perform  a  given  amount  of  work,  and  a 
larger  amount  of  steam  power  mjuircd  than  with  endless  rope  haulage. 

(4)  The  outlay  for  engine  and  regies  is  greater,  as  the  rope  requires  to  be  three 
times  the  length  of  road. 

(&)  Greater  danger  for  men  and  horses  travelling  on  the  roads,  unless  a 
separate  travelling  way  be  provided. 

The  engines  for  working  the  main  and  tail  rope  should  have  two 
cylinders,  and  be  geared  to  the  required  proportions. 


Fig.  311.  —Working  branch. 

Figs.  312,  313  show  the  plan  and  elevation  of  a  good  arrangement 
of  engines  for  this  system,  both  drums  being  placed  on  one  driving 
shaft.  The  engines,  as  in  the  direct  rope  system  (and  for  the  same 
reasons),  are  better  placed  underground. 

Endless  Chain. — This  system  of  haulage  is  in  all  respects  similar 
to  the  endless  rope  system  to  be  described  shortly,  although  the 
speed  is  somewhat  less  and  the  tubs  are  attached  at  closer  intervals. 
It  differs  from  the  main  and  tail  rope  system,  as  a  double  road  is 
required,  and  the  tubs  are  attached  singly  instead  of  being  attached 
in  trains;  the  speed  is  also  much  low^er,  the  endless  chain  being 
driven  at  a  rate  of  one  and  a  half  to  three  miles  per  hour. 

The  endless  chain  may  be  worked  either  by  an  engine  and  wheel 
above  groimd,  which  is  the  most  common  arrangement,  or  by  an 
engine  and  gearing  placed  underground. 

Chain  Wheel, — For  driving  the  chain,  a  wheel  with  a  broad  rim  to 
allow  the  chain  to  make  two  or  three  laps  on  it  is  often  used.  Some- 
times a  wheels  such  as  that  shown  in  fig.  314,  is  used.     It  has  a  broad 
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rim,  and  a  number  of  'feet'  or  'etuds'  are  screwed  into  the  fiice 
which  grip  the  chain  and  prevent  it  from  slipping.  The  feet  are  so 
arranged   that  the  distance   between   them  is  exactly  equal  to  the 
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FiOB.  312,  318.— Arrangemeiit  of  hanla^^  engines  Tor  main  and  tail  rope. 

length  of  a  link.  In  Briart's  wheel  for  endless  chtun  a  senes  of 
Y-shaped  grips  or  feet  of  steel  are  screwed  into  the  rim,  as  shown  in 
fig.  315.     Aa  the  links  of  the  chain  stretch  by  wear,  the  feet  can  be 
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iwed  and  fixed  in  a  new  position  to  suit  the  altered  lengths  of 
the  links. 

Sometimes  a  series  of  steel  blocks  are  fitted  into  the  circumference 
of  the  wheel,  and  the  chain  coiled  round  two  or  three  times  to  give 
the  required  grip.  The  blocks  are  secured  to 
the  wheel  by  means  of  counter-sunk  bolts,  the 
part  on  which  the  chain  works  being  octagonal 
in  shape,  which  ser\'es  to  prevent  the  chain 
from  slipping. 

Lengthening  the  Chain. — It  is  often  diflicult 
to  keep  the  chain  tight,  owing  to  tlie  continuous 
lengthening  due  to  wear,  and  a  common  practice  | 

is  to  allow  it  to  stretch  imtil  it  becomes  neces- 
sary to  remove  a  portion  to  tighten  it.  It  is, 
however,  better  to  use  a  'tightening'  carriage 
similar  to  that  used  with  the  eodleea  rope 
system. 

Working  Branch  Moods. — Branch   roads  off 
the  main  line  can  be  easily  worked  with  endless 
chains,  and   this  is    one  of  the  chief  recom-  Fio.SH.—Cb«iu  wheel, 
mendations  of  the  system.      The   working   of 

the  branches  will  be  understood  from  fig.  316.  In  this  method 
three  separate  chains  are  used,  one  for  the  branch  and  two  on  the 
main  nkd.  These  chains  are  worked  by  a  series  of  bevel-geared 
pulleys  working  at  right  angles  to  each  other.  On  the  shaft  to 
which  the  horizontal  pulleys  are  attached,  a  driving  wheel  is  fixed 
roimd  which  the  chain  passes.  The  whole  of  these  wheels  and 
gearing  are  placed  below  the  level  of  the  roadway  and  boarded  over. 
At  a  short  distance  on  either  side  of  the  branch  the  tubs  are 
detached  from,  and  again  attached  to, 
the  chain  by  an  automatic  arrangement 
which  is  shown  in  fig.  316.  Travelling 
in  the  out-bye  direction  the  chain  is 
gradually  raised  to  near  the  roof  by  a 
large  pulley  working  on  a  shaft  (fig. 
316);  a  small  roller  pulley  guides  the 
Pio.  81B.-Bri«rt'B  wheel.  "  chains  to  this  lai^er  pulley,  placed 
horizontally.  The  road  for  the  loaded 
tubs  is  given  an  up  gradient  towards  the  shaft,  and  the  empty 
road  has  a  dip  in  the  opposite  direction.  These  gradients  com- 
mence a  abort  distance  on  each  side  of  the  branch.  By  the  rope 
rising  towards  the  roof  and  the  road  dipping  the  chain  is  raised 
out  of  the  gripping  fork  ;  tlie  tub  being  released  runs  over  the  part 
where  gearing  is  placed,  and  re-connecta  itself  to  the  chain  again 
automatically.  Exactly  the  same  arrangement  is  required  on  the 
empty  or  in-going  chain. 

Branch  roads  may  also  be  worked  by  a  series  of  wheels  fitted  on  to 
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a  driving  ahaft  placed  vertically,  the  branch  wheels  being  arranged 
so  as  to  work  with  clutches  to  enable  tliem  to  be  thrown  in  and  out 
of  gear  ae  required.  The  main  driving  wheel  is  keyed  tightly  to  the 
shaft.  This  arrangeinent  allows  of  a  branch  chain  being  arrested  if 
anything  goes  wrong,  or  if  there  are  not  sufficient  tube  to  keep  it 
constantly  moving. 

Workiiig  Curves. — If  a  curve  is  one  of  short  radius,  a  pair  of  large 
wheels  are  placed  at  the  bond  round  which  the  chain  passes  (fig.  317). 
The  tubs  are  detached  automaticallj'  before  coming  to  the  curve  in 
r  already  described  for  working  branch  roads.     When  they 


Fio.  318. — Working  branches. 

pass  round  the  bend  they  again  attach  themselves  automatically  to 
the  chain. 

Melhod  of  attaddng  Tubs  to  C}iaiui>. — -This  is  usually  done  by 
filing  to  one  end  of  the  tub  an  iron  fork,  into  which  the  chain  drops. 
When  wood  tubs  are  employed,  a  fork  is  used,  being  fixed  by  means 
of  two  nuts  and  bolts.  With  iron  tubs  the  grip  is  a  part  of  the 
tub  itself,  and  requires  no  fixing. 

Sometimes  movable  grips  are  used  to  adjiiat  the  height  of  the  chains 
according  to  the  quantity  of  coal  loaded  above  the  level  of  the  sides 
of  the  tubs. 

The  chief  advantt^es  of  the  endless  chain  system  arc  the  slow  speed 
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at  which  it  travels,  and  the  small  amount  of  wear  and  tear  in  rolling 
stock  entailed,  besides  the  small  cost  of  upkeep  of  roadway.  The 
principal  disadvantage  is  the  heavy  weight  of  chain  to  be  driven 
where  the  haulage  is  long. 

This  system  is  better  suited  for  surface  haulage  than  for  under- 
ground working,  many  such  arrangements  being  at  work  for  convey- 
ing coal  or  other  material  long  distances,  as  when  a  colliery  is  so 
situated  that  it  would  be  impossible  or  inconvenient  to  connect  it 
with  the  railway  by  means  of  a  branch  line. 

Endless  Boije, — This  system,  as  its  name  signifies,  consists  of  an  end- 
less rope  travelling  in  a  double  roadway,  and  to  which  the  tubs  may  be 
attached  either  singly  at  intervals  along  the  rope  or  in  trains.  The 
engine  for  driving  the  rope  is  almost  invariably  placed  on  the  surface, 


Flo.  817. — System  of  working  curves. 

and  the  power  either  conveyed  direct  or  by  a  *  band '  rope  reaching 
to  the  pit-bottom,  where  it  drives  a  main  shaft  from  which  the  power 
is  derived  for  other  endless  ropes.  The  general  arrangement  in  end- 
less rope  haulage  (fig.  318)  is  as  follows  : — At  the  mouth  of  the  shaft 
are  two  pulleys  for  carrying  the  rope  from  the  driving  wheel  into 
the  shaft.  At  the  pit-bottom  are  two  other  pulleys,  placed  vertically 
to  receive  the  ropes,  and  immediately  below  these  are  two  other  pulleys, 
placed  horizontally  to  enable  the  rope  to  make  a  right  angle  with  the 
shaft,  and  pass  into  the  workings  to  the  in-bye  end,  where  it  passes 
round  a  loaded  wheel  d  or  an  ordinary  pulley  placed  horizontally. 

In  another  arrangement  the  loaded  wheel  or  tightening  carriage  is 
placed  on  the  empty  rope  side  near  the  pit-bottom.  This  is  un- 
doubtedly the  best  position. 

AiTangement  of  Engine, — For  endless  rope  haulage,  where  a  large 
quantity  of  coal  has  to  be  drawn,  it  is  best  to  employ  a  double  cylinder 
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engine  well  geared  dowii.     With  a  modern  haulage  plant  for  endless 
rope,  the  two  cylinders  are  placed  horizontally,  and  the  piston  rods 
connected  to  disc  cranks  fitted  on  to 
the  main  driving  shaft.     On  this  shaft 
are  two  small  geared  wheels,  working 
into  two  larger  toothed  wheels,  which 
are  keyed  on  to  a  separate  shaft,  on 
which  is  also  fixed  the  driving  pulley 
or  pulleys,  the  number  of  which  varies 
witii  the  number  of  ropes  to  be  driven. 
These  pulleys  are  now  usually  arranged 
with  clutch  gear  so  that  they  may  bo 
rapidly  arrested  without  bringing  the 
eiiginc  to  a  standstill.     As  to  whether 
the  power  should  be  conveyed  through 
a      a  band  rope  or  not,  there  are  differences 
E     of    opinion.      Where    more  than  one 
S     endless  rope  is  required  to  work  differ- 
^      eut  sectious,  the  band  rope  method  ia 
J     to    be    preferred.      If    four    different 
S      sections   are  worked  by  endless  rope, 
S      and  each  separate  rope  is  worked  direct 
9      from  the  surface,  this  would  necessitate 
£      four    double    lengths    of    rope    being 
S      conveyed  down  the  shaft,  which,  owing 
9      to  the  complications  that  might  arise 
b)      in  tho  event  of  any  of  the  ropes  break- 
I.      ing   or    getting    entangled    with    each 
2      other,  would  bo  altogether  undesirable. 
■      On  tlie  other  hand,  when  a  liand  rope 
£      is  used  only  a  double  length  of  rope 
requires  to  be  led  down  the  shaft.     It 
must  not  be  forgotten,   however,  that 
as  the  whole  of  the  power  must  be  con- 
veyed  through    the    band    rope,    this 
would  require  to  be  a  good  deal  heavier, 
and  therefore  more  expensive  than  the 
haulage   ropes   worked    from    it,  while 
I         there  would  also  be  the  increased  ex- 
penditure for  the  clutch  arrangement 
1         at    the    pit-bottom.      With    the    hand 
I         rope  system,  any  niunber  of  ropes  can 
be    worked,    according    to    the    power 
available.     They  are  under  the  direct 
control  of  the  attendants  at  the  shaft  l>ottoni,  who  can  stop  any  of 
them  without  signalling  to  the  surface,  which  is  a  great  advantage, 
as  one  section  may  not  Irnve  sufficient  coal  to  keep  the  endless  rope 
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constantly  at  work,  and  such  rope  can  tIit:refore  be  throwu  out  of 
gear,  while  the  other  sections  go  on  as  usual. 

For  a  ver^  deep  shaft  the  cost  of  the  band  rope  becomes,  on  the 
other  band,  a  serious  item,  although  even  then  it  would  be  less  expen- 
sive than  taking  all  the  ropes  up  to  the  surface.  Everything  con- 
sidered, the  band  rope  system  of  conveying  the  necessary  power  is 
much  to  be  preferred. 

Driciiig  Pulleys.— 'Y\\%  rope  is  usually  actuated  by  a  clip  pulley. 
There  is  a  considerable  number  of  different  types  of  pulley  in  use. 
The  Barraclough  pulley  is  a  well-known  device  for  endless  rope 
haulage.  Round  the  periphery  of  the  wheel  and  opposite  to  each 
other  are  fixed  a  number  of  short  taper  clips  fitted  t«  receive  two 
sliding  jaws  aa  (fig.  319),  upon  which  the  rope  works.     These  jaws 


Fiue.  31d,  320.— Bamkolaugh's  puller. 

rest  on  springs  b,  so  that  when  the  rope  comes  on  to  them,  the  weight 
forces  them  down  on  the  spriugs,  and  narrows  the  opening  between 
them,  thus  giving  the  necessary  grip  to  the  rope.  At  the  point  where 
the  rope  leaves  the  pulley  the  springs  give  assistance  in  releasing  it. 

Another  pulley,  much  used  in  Scotland,  is  shown  in  fig.  320.  The 
rim  consists  of  two  segments  e  and  rf,  bolted  together.  Between 
these  segments  is  placed  a  layer  of  wood  e  on  which  the  rope  works. 
The  opening  on  the  rim  of  the  pulley  being  y-shaped,  the  rope 
obtains  the  necessary  grip  by  wedging  itself  at  the  bottom  of  the 
opening. 

Owing  to  the  low  coefficient  of  friction  between  iron  and  iron, 
and  also  to  the  wear  of  the  rope  in  uulined  pulleys,  it  has  become 
customary  to  pad  them  with  softer  material  than  iron,  to  increase  the 
gripping  power  and  so  increase  the  life  of  the  rope.  Segments  of 
haiii  wood  are  used,  but  require  frequent  renewal,  and  soon  lose  their 
gripping  power.     Segments  of  india-rubber  have  been  tried  with  good 
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effects,  and  last  a  considerable  time.  Foeaibly  the  best  Bubstance  for 
this  purpose  is  wcll-seafioned  leather  driven  into  the  rim  of  the  wheel 
in  segments  aa  (iig.  321),  and  turned  true.  This  is  said  to  give  a 
good  gripping  surface  that  will  last  from  two 
to  three  years.  When  a  large  amount  of 
power  requires  to  be  traiiBmttt«d,  grooved 
pulleys  and  counter-puUeya  or  lacing  wheels 
are  BometimeB  used  to  impart  the  necessary 
friction  to  the  rope.  Both  pulleys  have  from 
four  to  six  grooves  in  the  rim,  the  driving 
wheel  a  hftring  one  more  than  the  guide  or 
counter-pulloy  b,  which  is  set  immediately  in 
line  with  the  other  (figs.  322,  323). 

Tahing  up  Ulack  Rope. — No  matter  how 
perfect  the  driving  pulley  on  the  surface  may 
be,  some  arrangement  for  taking  up  slackness 
will  require  to  be  adopted.  The  usual  plan 
is  to  have  the  rope  passing  round  a  tightening 
pulley. 

There  are  various  waya  of  arranging  this 

pulley.     Sometimes  it  is  fixed  as  shown  iu 

fig.  324,  and   fitted  with  a  long  screw   and 

Fro.  321,— Method  of       ""^^  which  can  be  adjusted  aa  required.     But 

gripping  rope.  thia  system  of  tightening  ia  not  at  all  to  be 

recomniended.      What    is    required    is    some 

arrangement  that  will  automatically  adapt  itself  to  the  varying  load 

and  wear  of   the    rope.     To  accomplish    this,  a  wheel   ia   usually 

mounted  on  a  tension  carriage  to  which  is  attached,  by  means  of  a 


chain  passing  over  a  pulley,  a  weight  (see  fig.  325)  working  in  a 
small  pit  below  the  level  of  the  road.  Sometimes  the  tension-uuriage 
is  attached  to  a  loaded  tub,  working  on   an   inclined  plane.      The 
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weight  required  can  easily  be  found  when  the  rope  is  set  to  work. 

The  teHsion  pulle;  is  usually  placed  as  uear  the  pit-bottom  as 
possible,  although  it  may  also  be  placed 
at  the  further  end  of  the  road.  It  is, 
however,  often  very  inconvenient  to 
have  it  in  the  latter  position. 

Speed  of  Hope, — With  endless  rope 
haulage,  the  speed  at  which  the  rope 
travels  may  vary  from  1|  to  four  or  five 
miles  per  hour,  but  the  best  resulta  are 
obtained  when  the  rope  is  travelling  at 
a  speed  of  from  two  to  three  miles  per 

Working  of  Sy^em. — The  system  can 
be  applied  either:  (1)  with  the  rope 
travelling  over  the  tubs ;  or  (2)  with  the 
rope  moving  beneath  them.  The  tubs 
^  are  also  attached  to  the  rope  in  two 
g,  different  ways :  (a)  singly  at  specified 
gi  distances  apart,  by  means  of  '  clips '  or 
I  'j'SS^'^'i  (6)  m  sets  or  trains  by  means 
;§  of  a  '  clip-bogie  '  and  gripper. 
■^  The  first  method  is  undoubtedly  the 
•J  better  of  the  two,  as  by  this  system 
■3  the  supply  of  coal  at  the  pit-bottom 
I  is  regular,  and  the  load  on  the  engine 
^  more  evenly  distributed,  while  no  atteod- 
"_  ants  are  required  except  at  each  end  of 
S      the  road  or  at  branches. 

Some,  however,  profer  the  'clip-bogie 
system,'  as  being  safer,  and  better  adapted 
for  working  a  number  of  branch  rMuls. 
It  is  somewhat  more  expensive  than  the 
first-named  method.  With  either  system 
a  double  road  is  generally  employed,  al- 
though sometimes  a  single  road  is  used 
with  pass-byes  at  intervals.  When  such 
is  the  case,  the  tubs  are  run  in  trains. 
It  is  often  urged  as  a  defect  of  the 
endless  rope  system,  that  it  requires  a 
double  road,  the  construction  of  which 
la  often  difficult  and  expensive,  especially 
where  there  is  a  bad  roof.  But  a  double 
road  is  not  at  all  essentia]  for  the  suc- 
cessful working  of  an  endless  rope  system  of  haulage. 

At  the  Palace  Colliery  and  Bent  Colliery,  Hamilton,  systems  of 
endless  rope  haulage  have  been  successfully  at  work  for  years,  in 
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both  cases  arranged  on  the  single  road  principle,  in  the  first  the 
rope  passes  under  the  tubs,  while  in  the  second  it  is  overhead,  the 
latter  being  probably  the  more  successful  method. 

At  a  short  distance  from  the  shaft  are  set  two  parallel  single 
roads,  from  different  sides  of  the  pit-bottom.  These  two  roads 
are  carried  for  the  required  distance,  and  are  connected  by  a  cross 
drift  into  wbioli  the  rope  passes  by  means  of  two  wheels.  These  two 
parallel  roads  may  be  as  wide  apart  as  required.  The  empty  rope 
and  empty  tubs  leave  the  pit-bottom  at  one  side,  while  the  full  rope 
and  loaded  tubs  arrive  on  the  opposite  side.  This  system  has  a  great 
advantage  over  that  where  the  empty  and  loaded  tubs  alike  require 


Fio.  32C>. — TbUsiaD  carriage, 

to  bo  handled  at  the  same  side  of  the  shaft.  The  rope  can  be  easily 
extended  into  the  workings. 

At  the  Bent  Colliery  much  the  same  system  was  adopted,  but  the 
two  roads,  instead  of  being  driven  parallel,  were  taken  along  a  more 
circuitous  route,  practically  to  follow  the  faces,  which  enabled  the 
tiilis  to  be  brought  on  to  the  rope  with  very  little  secondary  haulage. 
The  empty  tubs  can  be  taken  off,  and  full  tubs  attached  at  any 
desired  part  of  the  road,  and  if  the  empty  tub  is  not  required,  or  is 
not  taken  off  the  rope  in  the  workings,  it  will  return  again  to  the 
pit-bottom  on  the  side  opposite  that  from  which  it  left. 

Clipg  01-  Jii/ffers. — When  the  tubs  are  attached  singly  to  the  rope, 
a  clip  or  jigger  is  used.  A  great  many  different  sorte  of  clips  are  in 
use  in  difterent  districts,  each  having  ite  own  special  merits. 

A  clip  used  in  Scotland  a  good  deal  for  under-rope  haulage  is  shown 
in  figs.  326,  327.     It  consists  of  a  pair  of  jaws  a  a,  which  are  attached  to 
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a  large  link  b,  the  latter  being  in  turn  attached  to  the  tubs.  Over 
the  two  jawa  a  a  passes  a  cone  or  thimble  •;  which,  on  being  driven 
hard  down,  prettaea  the  two  jaws  together  and  gripe  the  rope,  which 
is  caught  in  a  groove  at  the  bottom.  This  clip  is  easily  attached  to 
and  detached  from  tlio  rope,  and  is  veiy  simple  in  construction,  but 
it  is  rather  bad  for  the  rope,  and  is  best  suited  fur  comparatively  level 
roads.  To  automatically  detach  the  tubs  from  the  rope,  when  this 
clip  is  used,  the  arrangement  shown  in  figs.  328,  329  is  adopted. 

At  the  in-bye  and  out-bye  ends  of  the  road  a  small  inclined  plane, 
with  an  opening  in  the  centre  for  the  rope  to  travel  in,  is  made  in  the 


S27.— (lip  or  jigger  Tor  endlesB  ropa. 


centre  of  the  roadway.  This  opening  is  just  sufficient  to  admit  the 
rope  and  the  bottom  of  the  clip,  the  cone  or  thimble  edges  being 
caught  on  the  inclined  plane,  which  rises  until  it  is  sufficiently  high 
to  raise  the  cone,  and  allow  the  jaws  of  the  clip  to  open  and  so  release 
the  rope.  To  prevent  the  latter  from  rising,  two  pulleys  are  fixed 
at  each  end  of  the  inclined  plane,  the  rope  passing  over  the  pulley  a 
and  under  the  pulley  6.  When  the  cUp  has  been  in  use  for  some 
time  it  get«  worn  and  fails  to  grip  the  rope  properly,  so  that  if  the 
thimble  becomes  at  all  slack  the  tub  may  come  to  a  standstill,  and 
the  rope  continue  to  nui  through  freely.  This  causes  much  undue 
wear,  but  can  be  avoided  by  using  steel  Uning  pieces  which  can  be 
fitted  into  the  jaws  of  the  clip    and  renewed  when  required.     This 
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clip  lioB  been  known  to  work  auccessfullj  on  roads  with  a  gradient 
of  1  in  7. 

Another  clip  employed  ia  that  known  as  Fisher's  patent,  which  is 
illuatratedinfigs.  330,  331.  As  will  bo  seen,  italso  consisteof  twojaws 
a  and  b,  the  part  a  working  on  a.  pin  h  at  the  bottom  of  the  clip, 
which  enables  it  to  fold  over  the  ro|)c.  The  two  jaws  are  held  in  posi- 
tion by  a  sliding  thimble  e,  as  described  above.     The  clip  can  be  auto- 


FiOB.  32S,  S29. — Automatic  deUchbg  arrangements. 

matically  detached  in  a  similar  manner  to  that  described  for  the  first 
clip.  A  different  arrangement  of  jigger  and  automatic  detachment 
is  shown  in  6g.  332.*  The  detaching  apparatus  is  rather  more  com- 
plicated than  that  already  described.  It  consists  of  a  horizontal  axle 
a,  carrying  two  arms  b  b',  of  equal  length.  One  of  the  arms,  b',  has 
a  circular  disc  which  passes  up  through  the  centre  of  a  split  rail,  M)d 
projects  alxtut  5J  in.  above  it.  The  tub  wheel  on  passing 
depresses  this  arm  6^  in.  and  at  the  same  time  raises  the  other  arm 
an  equal  distance.  This  other  arm  b  carries  a  steep  cone  roller  e, 
'  Trtna.  hi^l.  iiin.  En^.,  vol.  viii.  p.  377. 
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which  is  raised  with  it,  and  thus  raises  the  rope  and  slips  the  cone 
down  clear  of  the  jigger  altogether. 

Other  clips,  such  as  Sniallman's,  Hanson's,  and  Mumble's,  are  also 
used  for  attaching  the  tubs  for  under-rope  haulage.  The  Small  man 
clip  is  a  very  good  one  for  under-rope  haulage,  and  can  be  used  on 


Fios.  830,  38].— Fisher's  clips. 

roads  of  gradients  1  in  4  or  1  in  3.  With  overhead  haulage  a 
different  sort  of  clip  is  required.  The  simplest  kind  for  this  purpose 
is  that  shown  in  fig.  333.     It  is  placed  either  in  the  centre  or  side 


Fio.  882. — Automatio  detacher. 


Fig.  888.— Rope  clip. 


of  the  tub,  and  on  gripping  the  rope  it  gives  it  a  slight  twist,  which 

gives  it  the  necessary  hold  to  carry  the  tub  along.     Sometimes  two 

of  these  jiggers  are  used,  one  at  the  back  and  one  in  front  of  the  tub. 

Rutherford  and  Thomson's  clip,  as  shown  in  figs.  334,  335,  is  also 
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iiBed  for  overhead  rope  haulage.  This  clip  is  an  application  of  the 
principle  of  the  toggle  joint,  and  its  grip  on  the  rope  is  equally  firm 
in  whatever  direction  the  load  may  act.  It  is  equally  well  adapted 
for  8t«ep  inclinations  as  for  roadways  of  varying  gnidients.  With 
this  clip  curves  and  jinictiotis  can  be  worked  automatically  on  the 
g^vity  principle  in  the  same  way  as  in  endless  chain  haulage. 

Wiwd  and  Lloyd'a  cHp,*  as  deacribed  by  Mr  H.  W.  Hughes,  seems 
to  be  very  simple  and  efficient  for  overhead  rope  attachment.  It 
consists  of  a  hinged  lever,  to  the  bottom  of  whiuh  is  attached  the 
chain  fastened  to  the  tubs  (figs.  336,  337).     The  lever  works  about 


a  pivot  a,  and  when  the  weight  comes  on  the  end  b,  the  rope  is 
gripped  between  the  top  end  c  and  the  curved  plate  d.  The  lever 
is  hinged,  which  allows  the  clip  to  fall  into  the  guide  pulleys  when 
passing  round  curvea.  This  grip  is  best  suited  for  roads  having  a 
regular  inclination,  otherwise  two  clips  will  have  to  be  used  for  each  tub. 

Rumnnff  tite  Tube  iu  Sets. — When  the  tubes  are  attached  to  the 
rope  in  trains  or  seta,  a  bogie  with  a  gripper  or  shears  is  used. 

Fig.  338  illustrates  a  form  of  bogie  clip  which  is  mnch  used  for 
this  purpose.  The  gripper  swings  on  a  pivot  which  enables  it  to  pass 
round  level  pulleys  at  curves ;  it  is  actuated  by  a  screw  and  handle 
in  much  the  same  way  as  the  braiie  screw  of  a  railway  van.  On 
inclined  roade  these  clip  bogies  are  usually  loaded  with  scrap  metal 
in  front  to  keep  them  from  '  rearing '  and  getting  derailed. 

Catch  Blueke. — On  inclined  roads  it  is  often  the  custom  to  have 
•   Tixl  Book  o/ Cval  Uinivg,  Fifth  Edition,  i>.  271. 
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catch  blocks  or  runaway  catch  points  to  arrest  the  tubs  should  they 
happen  to  become  detached  from  the  rope.  A  simple  form  of  catch 
block  is  shown  in  fig.  339.  It  consists  of  a  piece  of  wood  fixed  on  a 
spindle,  the  latter  not  being  in  the  centre.  When  the  tub  passes 
over  it  the  wheel  axle  depresses  it  to  a  horizontal  position,  but  as  soon 


is' Hi,  8<5ti.— bogie  olip. 

as  the  tub  is  passed  it  assumes  its  inclined  position  again,  and  will  be 
ready  to  grip  the  tub  should  it  run  back.  Runaway  points  fixed  to 
the  rail  and  having  a  strong  spring  are  used  for  the  same  purpose. 


Fio.  339.— Catch  block. 

The  tub  on  passing  opens  the  points,  which  close  of  themselves  when 
it  has  passed  through. 

To  get  the  best  results  from  endless  rope  haulage,  the  rope  should 
be  carefully  guided  by  means  of  rollers  to  prevent  it  from  rubbing  on 
the  floor  and  to  keep  the  sleepers  from  getting  cut  through.  These 
rollers  may  be  made  either  of  wood  or  iron,  and  properly  fixed  so  as 
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to  run  freely,  a  point  which  ie  very  often  n^lected,  giving  rise  to 
much  unnecessary  friction  and  wear  of  the  rope.  Figs.  340,  341  ahow 
the  method  of  filing  these  pulleys  on  haulage  roads.  ISTien  the  rope 
has  to  be  taken  round  cm^es  it  rouat  be  guided  by  means  of  bevd 
pulleys,  as  shown  in  figs.  342,  343. 

Endle$s  Rape  on  Indined  Roads.— It  has  often  been  urged  that 
endless  rope  haulage  is  only  suitable  for  flat  or  comparatively  f 
workingH  ;  and  while  no  doubt  the  beat  results  i 


i  obtained  under 


Fioa.  3*0,  341.— Eoller  pulleys. 

such  conditions,   still  the  system  can  be  successfully   worked  at 
inclinations  of  30°  or  more. 

At  Moston  Colliery,  Manchester,*  there  is  a  good  example  of  this 
syatem  of  haul^o  on  steep  gradients.  The  road  in  question  is  2900 
ft.  long,  the  inclination  varying  from  26°  to  39*.  The  rope  travels 
at  a  speed  of  1 J  mile  pcv  hour,  and  runs  beneath  the  tubs,  which  are 
attached  to  it  by  means  of  a  stout  parallel  jaw-clip.  The  jaws  of 
this  clip  are  actuated  by  a  screw  and  liand-wheel,  and  a  hinged  iron 
bar  serves  to  connect  it  with  the  draw-bar  of  the  tub,  and  prevents 
the  clip  from  turning  round  and  fastening  ituelf  under  the  rollers 
•   Trana.  Min.  IiaL  ScU.,  rol.  ix.  p.  120. 
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between  the  rails.  It  also  assiBts  the  tub  to  keep  the  rails  while 
being  attached  to  the  rope,  at  the  time  of  leaving  the  level  landings. 
The  clip  used  is  sliown  in  figs.  344,  345.  The  jaws  are  made  to  a 
radius  of  3J  ft.,  bo  that  when  the  Bcrew  is  tightened  the  clip  has  a 
firm  grip  of  the  rope  in  at  least  three  places,  at  each  end  and  in 


FioB.  8i2,  843.  —Bevel  pqUbjh. 

the  centre.  Ordinarj  clips  were  found  to  be  of  no  use  in  this  case, 
and  hence  the  adoption  of  this  special  type.  The  full  tubs  are 
attached  singly,  and  the  empty  ones  gent  down  in  pairs ;  both  the 
attaching  and  detaching  being  accomplished  at  all  points  without 
stopping  or  interfering  with  the  speed  of  the  rope. 


Fios.  S44,  346.— Eudleu  rope  clip  naed  at  HostoD  Collierj. 

There  are  several  intermediate  landings  at  which  the  full  tubs  are 
attached  and  the  empty  ones  detached.  Fig.  346  shows  the  method 
of  working  these  landings.  Sufficient  roof  is  taken  down  to  allow 
one  full  or  empty  tub  to  stand  on  the  fiied  landing  A  B.  There 
is  a  movable  hinged  landing  A  C,  controlled  by  a  balance  weight  in 
such  a  position  that  when  it  is  lowered  the  empty  tuba   will   run 
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on  to  this  platform  instead  of  going  further  down  the  incline. 
When  the  tubs  have  arrived  the  clip  is  unfastened,  and  they  are 
run  on  to  the  fixed  landing  AB,  the  movable  landing  AC  being 
inmiediately  pulled  up  by  the  balance  weight  into  the  position  shown 
in  the  figure  until  it  is  required  again.  When  a  full  tub  is  about 
to  be  clipped  on  to  the  rope,  the  movable  landing  A  C  is  lowered, 
and  the  tub  brought  on  to  it,  and  without  stopping  the  rope  it  is 
clipped  and  the  tub  started  up  the  incline.  Two  boys  are  stationed 
at  each  of  these  stations  to  attend  to  the  tubs.  The  distance 
between  the  landings  varies  from  100  to   140  yards.     The   power 


„ ,  ,  Main  Strap  Ropm 
^'  '     from  surface 


Fio.  346.  —Method  of  working  landings  at  Moston  Colliery. 

to  work  this  and  other  ropes  is  derived  from  an  engine  at  the  surface, 
being  transmitted  by  means  of  a  band-rope  working  to  a  central 
station  underground,  the  driving  engine  being  compound,  with 
cylinders  15  and  25  in.  respectively,  and  having  a  stroke  of  4  ft. 
All  the  pulleys  underground  are  inclined  (fig.  347)  on  the  rope 
surface  to  the  extent  of  l^^  in.  in  6  in.,  so  as  to  cause  the  2^  turns 
of  the  rope  (which  are  necessary  to  give  the  required  grip)  to  be 
constantly  slipping  in  the  direction  of  the  lesser  diameter. 

Attached  to  the  pulley  working  the  incline  is  an  ingenious  brake 
arrangement.  The  brake-rim  of  the  pulley  is  cast  and  faced  with 
steel  segments.      Upon   this   surface   four  steel   slipper-blocks  a  a 
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(fig.  348)  rest,  attached  to  the  framework  hy  aieans  of  tc^le 
^ointe  b  b,  each  pivoted  od  to  a  plummet  block  e  e. 

These  slippei^blockB  are  not  set  at  right  angles  to  the  brake-rim, 

but  at  such  an  angle  that,  upon  the  wheel  continuing  to  turn  in  the 
proper  direction  (shown  bj  the  arrow),  the  blocks  are  pushed  oflT 
the  rim ;  but  upon  the  incline  rope  being  thrown  out  of  gear, 
the  screws  b  b  tend  to  take  a  position  at  right  angles  to  the  brake- 


Fio.  847.-PuI!ey. 

rim,  and  in  so  doing  wedge  the  blocks  firmly  against  the  rim,  and 
prevent  the  wheel  from  turning  the  opposite  way.  The  rope  is 
thus  prevented  from  a  backward  movement.  To  further  increase 
the  braking  power  of  the  slipper-blocks,  thej  are  also  attached  to 
the  frame  by  light  spiral  springs.  When  the  pulley  is  thrown  out 
of  gear,  its  first  tendency  is  to  revolve  in  a  contrary  direction,  owing 


Fio,  348.  — Brake  irraogoment. 

to  the  weight  of  tubs  and  rope  on  the  incline,  but  this  movement 
is  immediately  arrested  by  the  automatic  blocks  coming  into  action. 

The  incline  for  this  haulage  was  laid  with  a  double  road  through- 
out, with  steel  rails  weighing  24  lbs,  per  yard,  and  fish-plate  joints. 
The  amount  of  coal  drawn  per  shift  of  nine  hours  was  300  tons, 
which  is  excellent  work  on  a  road  of  this  description. 

0o8t  of  Haulage. — The  cost  of  haulage  is  usually  stated  in  pence 
per  ton  per  mile  hauled,  and  will  vary  a  great  deal  under  different 
conditions,  such  as  the  inclination  of  the  road,   the  number  of 

19 
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branches  to  be  worked,  and  whether  the  rope  can  be  kept  continually 
at  work  during  the  shift  or  not. 

The  following  may  be  taken  as  average  costs : — 

Manual  haulage  Is.  6d.  to  Sa.    per  ton  per  mile. 

Horse        „  3d.  to  6d.  ,,  ,, 

Self-acting  incline  haulage  2d.  to  8d.  ,,  ,, 

Single  rope  haulage  2d.  to  6d.  ,,  ,, 

Main  and  tail  rope  haulage  lid.  to  21d.  ,,  ,, 

Endless  rope  (clip)      ,,  Id.  to  2d.  ,,  „ 

„  (bogie)    „  2d.  to  8d.  „  „ 

Endless  chain  haulage  (d.  to  1^.  ,,  ,, 

There  can  be  no  doubt  that,  with  a  well  laid  out  haulage  plant 
and  under  suitable  conditions,  the  endless  rope  system  is  preferable 
in  most  cases.  Even  in  steep  roads  it  will  compare  favourably  with 
other  systems  of  haulage.  In  fact,  the  author  is  of  opinion  that 
the  endless-rope  system  is  the  most  suitable  for  underground  work, 
whether  the  roads  are  flat  or  steep,  and  can  be  successfully  worked 
if  the  roadways  are  properly  laid  out  for  such  haulage. 

In  two  instances,*  with  single  rope  and  endless  rope  systems, 
one  of  the  roads  dipping  1  in  3  and  the  other  1  in  4,  and  each 
being  about  1200  yards  long,  and  yielding  an  output  of  800  tons 
per  day,  the  cost  per  ton  in  the  former  was  5d.  and  in  the  latter 
Id.  per  ton.  The  cost  of  ropes  by  the  endless  system  was  0*37d. 
per  ton,  which  could  not  be  any  lower  in  any  other  system;  for 
although  a  double  length  of  rope  was  required,  the  difference  in  cost 
is  always  compensated  by  the  reduced  wear  and  tear.  There  will 
not,  naturally,  be  the  same  disparity  of  cost  in  all  cases,  but,  as  a 
general  rule,  endless  rope  systems  will  be  found  to  be  cheapest. 

Advantages  o^  Endless  Rope  Haulage. — While  the  endless  rope 
system  has  the  disadvantage  of  requiring  double  roads,  it  has  many 
advantages  to  compensate  for  this.     Amongst  others  are — 

The  small  number  of  attendants  required  for  a  given  daily  output 

The  slow  speed,  which  prevents  any  loss  on  the  journey,  reduces  to  a 
minimum  the  risk  of  breakages,  and  thereby  obviates  the  mischief  con- 
sequent on  such  accidents,  such  as  those  which  may  occur  when  a  train 
of  tubs  is  travelling  at  a  high  rate  of  speed  in  the  main  and  tail  rope 
system. 

The  wear  and  tear  on  machinery,  tubs,  ropes,  etc. ,  is  a  great  deal  less  than 
with  other  systems  of  haulaee. 

By  attaching  the  tubs  at  equfu  distances  apart,  the  weight  of  the  rope  is 
carried  along  with  less  friction  on  the  ground  and  pulleys. 

A  regular  and  continuous  supply  of  tubs  is  brought  to  the  pit-bottom. 

In  a  road  with  varying  degrees  of  inclination,  the  whole  load  is  distributed 
over  the  whole  len^h  of  the  rope,  which  is  a  great  advantause.  The 
empty  tubs  going  m-bye  also  assist  the  engine  to  haul  the  full  tubs 
out-bye. 

Ropes  last  longer  (on  an  average  three  to  four  years),  while  with  main  and 
tail  rope  the  average  is  probably  not  more  than  one  to  one  and  a  half 
years. 

•  Trans.  I.  M.  E,,  vol.  x.  p.  497. 
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Haulage  Problems. 

Question, — ^A  train  of  ten  tubs  is  ascending  an  incline  of  4^  in. 
rise  per  yard,  each  tub  weighing  with  coal  one  ton.  What  power 
would  be  required,  and  what  woiild  the  strain  on  the  rope  be  ? 

4 J  in.  per  yd.  =   f      =:  1  in.  in  8. 

4*5 

Weight  of  train = 22400  lbs. 

Friction  taken  at  ^.  of  the  load -??*?^^= 820  lbs. 

70 

Then  ?^l^iil-2800,  the  force  requirad  estiniated  in  Iba.,  and 

o 

2800 +  320:=  8120  Iba.  =the  total  strain  on  rope. 

Question, — Find  the  tension  on  a  haulage  rope  with  a  load  of  20 
tons  on  an  incline  of  1  in  6. 

Let  W=load  in  lbs.,  H= vertical  fiustor  of  rise,  and  Ls horizontal  factor  of 
rise. 

WxH. 


Then  tension = 


L 


Tension =?^2i^|15iL^  =  7466 -6  lbs.,  dne  to  gravity  alone ; 

o 

or  allowing  ^  for  friction, 
Total  tension = /^^Ji^Oxl \ ^ y^^^.^ ^ g j^^ ^ ^^ 

Question. —Whsit  engine  power,  expressed  in  foot-pounds  per 
minute,  is  required  to  draw  a  load  of  eight  tons  up  an  incline  of  1  in 
5,  at  a  speed  of  five  miles  per  hour,  excluding  friction  ? 

Speed  of  rope  =    ^^  =  ^^^  foot  per  minnte. 

Lc»d  =8ji2240xl^86841b.. 

5 

Engine  power  required  (load  in  lbs.  x  speed  in  feet  per  minnte) =8584  x  440= 
1,576,960  ft.  lbs.  per  minute. 

Question, — What  size  of  engine,  length  of  stroke,  etc.,  would  be 
required  to  haul  400  tons  per  shift  of  nine  hours,  from  a  road  1000 
yards  long  and  dipping  1  m  121  The  system  of  haulage  to  be  main 
and  tail  rope,  and  the  speed  of  rope  six  miles  per  hour,  the  diameter 
of  the  drum  being  6  ft. 

Speed  of  rope  per  minute =?-^^^??      =528  ft 

Time  per  trip  =  ^^^^^^^  ^  ^  =  11  minutes. 

Time  allowance  for  changing  at  each  end,  about  4  minutes. 
Total  time  per  trip,  11  +  4=16  minutes. 

Load  per  trip=  — — j|jr-  =  ll  tons  (approximately). 
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Suppose  the  tubs  hold  10  cwts.  each,  and  to  weigh  4  cwts.  each 
when  empty,  twenty-two  tubs  will  be  required  each  trip,  and  the 
weight  of  the  tubs  will  be  22x4  =  88  cwts.  or  4*4  tons;  therefore 
the  gross  load  per  trip  will  be  11+4*4,  or  15*4  tons. 

The  load  due  to  inclination  =  ?l^ill  =  1  -28  tons. 

12  

/l'28  X  8 
The  circumference,  0,  of  the  rope  required  would  be = ^  — ~  —  -  =  1  '84  in. 

Weight  of  rope  per  fathom = C  x  '9 = 8  '06  lbs. 
TotiS  weight  of  rone = 600  x  2  x  8  '06  =  3060  lbs. 

Taldng  fhction  of  load  equal  to  32  lbs.  per  ton,  and  friction  of  rope  equal  to 
i^irth  its  weight ;  then 

Friction  of  full  load  =15*4  x  32  =  492-8  lbs. 

And  friction  of  rope  =  ^       =158-0  lbs. 

^       20 

Total  friction  is  492*8  +  158=645*8  lbs. 

Total  load = full  load + rope  +  friction = 88201  *8  lbs. 

Total  resistance  to  engine =(i^^i2i??M±^??2  + 64  6 -8 =8620-4  lbs. 

Now  the  work  done  in  the  engine  is  equal  to  the  work  done  on  the 
plane,  and  can  be  expressed  by  the  formula  : 

D^  X  '7854  xPxLxNxM= load  in  lbs.  x  circumference  of  drum  in  feet. 

Assume  the  effective  steam  pressure  to  be  45  lbs.  per  sq.  in., 
and  the  modulus  M,  f  for  single  engine  and  f  for  coupled  engines, 
the  length  of  stroke  being  3^  ft. 

.'.  D>x  •7854x46x8*5x2x1        =         8520*4  x6x3'l 416 
After  cancelling  D^x  16  X 8*5  X '8  =        8520  4x4 

Tx*    «  r  3620-4_inAi.q 

orI>»x3*5=     J57:^-^^^^^ 

.   D_^/1061 '8=18.3  in., 
the  size  of  engines  required 

This  problem  may  also  be  worked  out  by  the  formula  : 
D=  X  '7854  xPxLxNxM  =  (WxA)  +  (friction  x  cir.  of  drum  in  ft.), 


or 


D=V' 


(W  X  A)  +  (F  x  cir.  of  drum), 


•7854xPxLxNxM 
where  as  before, 

D= diameter  of  cylinder  in  in. 
L= length  of  stroke  in  ft. 
M = efficiency  of  engine. 
P= effective  steam  pressure  in  lbs.  per  sq.  in. 
N = number  of  strokes  per  revolution  of  the  drum. 
W= weight  of  loaded  train  in  lbs. 
F= friction  of  loaded  train  in  lbs.  and  rope. 
A  =  vertical  height  which  the  train  is  raised  during  one  revolution  of  the  drum. 

A8A  =  «iil:Jll«iii  =  l-57ft. 
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Taking  the  same  figures  as  before,  we  have, 


i>=V 


(15-4x2240xl-57)  +  (646'8x6x8'1416_    .^3^^g_^g.^. 
•7854  X  45x3-5x2x1  ^ 

Question. — Find  diameter  of  cylinder  required,  length  of  stroke, 
etc.,  to  haul  300  tons  per  eight  hour  shift  from  a  road  dipping  1 
in  20,  laid  with  tram  rails.  Length  of  road  600  fms.  Tubs  to 
weigh  4  cwts.  and  hold  10  cwts.  Size  of  driving  wheel  6  ft.  diameter. 
System,  endless  rope  with  a  speed  of  two  miles  per  hour. 

Tons  per  hoiir= —  =37*5  :  speed  of  rope  3520  yds.  per  hour. 

o 

Tubs  per  hour=d7*5x2=:75:  distance  tubs  will  have  to  be  apart  on  rope= 
?^-46-9  or  47  yds.  (for  simplicity). 

600  X  2 
Number  of  tubs  on  rope  at  once= — -= —  =  25 '55,  approximately  26,  i,e,  26  full 

47 
and  26  empty. 

Weight  of  loaded  tubs,  =  26x14x112  =  40768  lbs. 

„        empty    ,,  =  26  x   4x112  =  11648  ,, 

Weight  of  rupe,  say  at  4  lbs.  per  fathom  =  600  x   2x     4=  4800  ,, 


ToUl  =  67216 


i» 


Suppose  the  total  friction  is  s»oth  .'.  ^J^^^^  1907 '2  lbs. 

-,,,.,.,.  full  load       40768x1  =  2038-4  lbs. 

Load  due  to  mclination  = . — ^ — -r: —  ■"  — r,-,c — 

mcliuation  20 

Total  load  to  be  ovorcome  by  engine  =  2038*4  +  1907*2  =  39456  lbs. 
And  as  before,  work  done  by  engine  =  work  done  on  plane  during 
one  revolution  of  drum.  Assume  effective  steam  pressure  at  50  lbs. 
per  sq.  in.,  and  the  number  of  strokes  per  revolution  of  drum  at  four. 

.  •.  D*  X  -7854  x50xLx4x|  =  3945-6  x  6  x  3  '1416 

After  cancelling  D^  x  L,  -  ^^.^^1^  =  591  9 

^  50  X  '4 

^^l~  =14-00  in. 

The  size  of  engines  required  would  be  therefore  14*00  in.  diameter, 
with  a  3  ft.  stroke  geared  two  to  one. 

This  problem  may  also  be  worked  out  by  the  formula 


T),     /(Fxcir.  of  drum)  +  (W--w)A 
^        •7854xPxLxNxM      * 


the  letters  having  the  same  value  as  in  preceding  question,  and  in 
this  case  w  —  weight  of  empty  tubs. 

HereA-20ft.  :  18*84  ft  :  :  1 
18-84x1 


20 


=  •94  ft. 


*.  D=v/{l907*2x6x3-1416} +  {57216 -(11648 +  4800)} -94  =  A/ZJgZg:gi_14.00in^ 
^  •7854x50x8x4xt  ^     3769 
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PUMPING. 

In  all  mines  water  is  met  with  in  greater  or  less  abundance,  shallow 
mines  being,  as  a  rule,  more  heavily  watered  than  deep  mines, 
owing  to  more  frequent  occurrence  and  greater  width  of  the  cracks 
or  fissures  in  the  overlying  strata  by  which  water  can  reach  the 
workings,  and  to  the  absence  therefrom  of  impermeable  beds.  In 
deep  mines,  which  are  seldom  troubled  with  much  water,  such  firm 
impermeable  beds  of  strata  are  always  present  to  some  extent  in  the 
overlying  strata,  and  prevent  the  water  from  entering  the  workings. 

The  different  methods  of  draining  mines  of  water  are  by  means  of 
adit  levels,  tanks  or  chests,  siphons  and  pumps. 

Adit  levels  can  only  be  utilised  under  certain  conditions,  such  as 
when  the  mine  is  situated  on  the  side  of  a  hill,  or  where  the  work- 
ings are  at  a  higher  level  than  some  parts  of  the  surrounding  country. 
These  conditions  rarely  exist  in  connection  with  coal-mining,  unless 
in  the  opening  out  of  virgin  coal-fields  in  hilly  countries.  In  metal- 
liferous mining,  adits  are,  hoM'ever,  much  used,  many  of  them  being 
of  great  length  and  costing  large  sums  of  money.  In  the  Freiberg 
district  of  Saxony  there  is  an  adit  level  8|  miles  long,  or,  including 
branches,  25  miles  in  length,  which  cost  about  J&360,000,  the  length 
of  time  occupied  in  this  important  work  having  been  thirty-three 
years.*  The  Halkyn  adit  in  Flintshire  is  about  four  miles  in  length, 
and  drains  a  large  area  to  a  depth  of  230  yds.  It  is  estimated  that 
this  adit  is  now  discharging  15  million  gallons  per  twenty-four  hours, 
or  a  total  weight  of  66,000  tons,  the  whole  of  this  water  being  a 
natural  flow. 

Tanks  or  Chests, — If  the  quantity  of  water  is  not  great  and  the 
pit  is  deep,  it  would  be  expensive  to  lay  down  a  special  pumping 
plant)  while  the  water  may  be  raised  by  w^ater  tanks  or  chests, 
especially  if  the  winding  engines  are  not  fully  employed  drawing 
coal.  The  quantity  of  water  dealt  with  in  this  way  should  not 
exceed   30  to  40  gallons  per  minute  throughout  the  twenty-four 

*  Ore  and  Stone  Minitig^  Sir  C.  Le  Neve  Foster,  sixth  edition,  p.  462. 
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hours,  and  this  should  be  regarded  as  the  maximiun  which  should  not 
be  exceeded. 

Where  there  is  a  considerable  quantity  of  water  to  be  dealt  with, 
pumping  will  be  found  the  cheapest  method.  In  drawing  water  in 
tanks  great  injury  is  often  done  to  the  winding  ropes,  through  part 
of  the  water  falling  back  into  the  shaft  and  washing  the  grease  or 
lubricating  oil  off  them,  and  also  by  the  great  strain  they  have  to 
undergo  in  lifting  heavy  tanks  full  of  water.  The  load  is  often  very 
much  heavier  than  the  usual  load  of  coal.  The  dipping  of  the  tank 
into  the  water  causes  '  slack,'  while  the  vibration  of  the  rope  causes 
repeated  bending  to  occur  just  above  the  capping,  which  tends  to 
injure  the  rope,  and  if  not  carefully  watched  may  result  in  breakage. 

Siphons, — The  siphon  is  not  applicable  in  the  same  way  that  a 
pump  is,  since  by  the  former,  water  must  always  be  delivered  at  a 
latoer  level  than  that  of  the  receiving  end  of  the  pipes.  We  may, 
therefore,  define  a  siphon  as  being  an  apparcUtts  for  conveying  a 
liquid  from  a  higher  to  a  lower  level  over  an  intervening  height. 

In  construction  the  siphon  is  a  simple  piece  of  apparatus,  and 
consists  of  a  U-shaped  pipe,  one  limb  of  which  is  longer  than  the 
other.  The  short  limb  dips  into  the  liquid  to  be  siphoned,  and  the 
other  discharges  it  at  a  lower  level.  A  vacuum  being  continually 
formed  by  the  escape  of  water  from  the  longer  limb,  the  pressure 
of  the  atmosphere,  acting  on  the  free  surface  of  the  water  into  which 
the  shorter  &mb  dips,  forces  it  up  the  latter,  when,  having  reached 
the  highest  point  of  the  column,  it  descends  by  gravity  with  a  velocity 
proportionate  to  the  difference  of  level  between  the  outlet  and  the 
free  surface  of  the  source  of  supply. 

Since  the  action  of  the  siphon  depends  on  the  atmospheric 
pressure  it  is  obvious  the  height  to  which  the  water  can  rise  will 
never  be  greater  than  that  of  the  water  barometer  at  the  tiine,  which 
at  greatest  is  about  33|  ft.,  no  matter  what  the  amount  of  fall  may 
be  at  the  discharge  end.  lu  practice  the  height  to  which  the  water 
will  rise  will  not  be  more  than  26  or  27  feet,  the  difference  being 
due  to  the  friction  of  the  water  in  the  pipes,  but  it  will  be  better  if 
the  vertical  height  does  not  exceed  20  or  22  feet. 

To  start  the  flow  of  water  in  the  siphon,  the  two  ends  must  be 
closed  by  plugs  or  taps.  Water  is  then  poured  in  at  the  highest  point 
until  the  pipes  are  filled ;  this  opening  is  then  closed  and  the  receiving 
and  discharge  ends  are  opened.  The  water  in  the  pipe  discharging 
produces  a  vacuum,  thereby  setting  up  a  continuous  flow.  A  better 
and  more  economical  arrangement  is  to  place  a  small  hand-pump  on 
the  siphon  at  the  highest  point  of  the  pipes,  to  pump  the  air  out^  and 
thus  allow  the  water  to  rise. 

The  air  and  gases  held  in  water  are  liberated  on  moderate  reduc- 
tion in  pressure  with  great  ease;  and  as  nearly  all  water  contains 
more  or  less  dissolved  gas,  this  will  be  liberated  in  the  siphon  at  its 
highest  point,  and  may  accumulate  there  until  the  pressure  equals 
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that  due  to  the  acceleration   head,    when  the  siphon   will   cease 
to  flow. 

In  laying  down  a  siphon  the  greatest  care  should  be  exercised,  so 
that  it  will  have  an  opportunity  of  working  under  the  most  favour- 
able conditions.  The  pipes  should  be  laid  with  a  regular  gradient  all 
the  way  to  the  highest  point,  and  the  pipes  should  be  of  sufficient 
diameter  for  the  water  to  flow  with  a  velocity  that  may  reduce  the 
friction  to  a  minimum.  The  joints  should  be  thoroughly  air-tight ; 
if  the  siphon  has  to  continue  working  for  any  length  of  time,  the 
joints  ought  to  be  run  with  lead,  as  this  will  be  the  most  satisfactory 
and  cheapest  way  in  the  end.  A  *  tail  clack '  should  be  put  on  at 
the  bottom  of  the  receiving  end  to  prevent  the  pipes  from  getting 
empty  when  the  siphon  stops  running. 

Pumps. — The  best  and  most  usual  method  for  raising  water  from 
mines  is  by  pumping.  The  first  point  of  importance  is  the  capacity 
of  the  plant  required.  In  deciding  this  it  is  necessary  to  ascertain, 
as  nearly  as  possible,  the  maximum  quantity  of  water  likely  to  be 
met  with  both  in  the  shaft  and  in  the  workings.  In  sinking  a  shaft 
in  a  new  and  untried  district  it  is  impossible  to  do  so,  but  in  districts 
which  have  been  well  opened  out  it  can  often  be  done  without  much 
difficulty.  The  plant  should  be  capable  of  raising  a  larger  quantity 
of  water  than  any  ascertained  maximum,  so  that  a  sudden  inflow 
could  be  dealt  with,  if  necessary,  to  prevent  the  flooding  of  the 
workings. 

Pumps  for  raising  water  in  mines  are  generally  of  the  recip- 
rocating type  and  may  be  classified  as  :  (1)  Plunger  or  ram  pumps; 
(2)  piston  pumps;  and  (3)  bucket  or  lift  pumps.  Other  kinds  of 
pumps  are  also  employed,  such  as  the  centrifugal  and  Fontigaine 
pumpS)  but  these  can  only  be  adopted  for  limited  lifts.  The  power 
employed  is  either  (a)  steam,  (b)  compressed  air,  (c)  water  or 
hydraulic  pressure,  (d)  electricity. 

Conditions  affecting  the  Working  of  Pumps. — The  working  of  pumps 
is  influenced  by  various  conditions,  such  as  :  (1)  The  height  at  which 
they  ai'e  placed  above  sea  level,  i.e.  atmospheric  pressure  conditions. 
(2)  The  temperature  of  the  water.  (3)  The  size  and  length  of 
delivery  and  suction  pipes.  (4)  The  area,  weight,  and  lift  of  valves. 
These  conditions  have  all  to  be  carefully  considered  in  designing 
or  deciding  upon  the  necessary  pumping  plant  for  a  given  position 
either  on  the  surface  or  underground.  The  chief  requirements 
mining  pumps  are  expected  to  fulfil  are  :  (a)  They  should  be  capable 
of  working  for  long  periods  with  little  repair,  packing,  or  adjustment. 
(b)  They  should  be  capable  of  being  operated  under  water  (a  particu- 
larly desirable  feature  in  sinking  pumps),  (c)  They  should  be 
capable  of  passing  sandy  or  dirty  water,  and  sometimes  acid  water, 
without  too  rapid  deterioration  or  corrosion,  (d)  Their  speed  and 
capacity  should  be  easily  adjustable  to  suit  the  varying  inflow  of 
water. 
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Pump  Fittings,  Pipes, — The  pipes  used  in  connection  with  pumps 
may  be  made  of  wood,  C€ist  iron,  or  wrought  iron  or  steel. 

Wood  pipes  are  seldom  if  ever  used  in  Britain  for  pumping,  but  in 
some  parts  of  the  United  States,  and  where  the  climate  is  extremely 
variable,  they  are  much  used  for  certain  descriptions  of  work,  when 
the  pressures  are  light.  For  pressures  not  exceeding  85  to  90  lbs.  per 
sq.  in.,  or  a  head  of  water  equal  to  about  200  ft.,  they  are  said  to  be 
economical.  The  advantages  claimed  for  them  are  that  they  con- 
tract and  expand  to  only  a  small  extent,  and  are  therefore  well  suited 
for  climatic  changes,  while  they  offer  little  resistance  to  the  flow  of 
water,  and  do  not  decay  readily  if  water  is  kept  constantly  flowing 
through  them.  They  are  built  up  with  staves,  much  like  ordinary 
barrels,  and  are  strongly  bound  with  wrought-iron  hoops. 

Cast-iron  pipes  were  formerly  almost  exclusively  used  for  pumping, 
and  are  so  still  to  a  very  large  extent,  but  for  certain  classes  of  work 
steel  or  wrought-iron  pipes  are  displacing  them.  The  great  dis- 
advantage of  cast-iron  pipes  is,  that  where  they  have  to  be  of  a  large 
section,  they  are  very  heavy  and  difficult  to  handle.  The  joints  in 
this  class  of  pipe  are  usually  made  with  a  common  flat  flange,  and 
an  india-rubber  ring  inserted  between  them,  the  joint  being  well 
secured  by  nuts  and  bolts.  For  deep  lifts  and  heavy  pressures  the 
top  flange  should  have  a  groove  cut  in  it^  while  on  the  bottom  flange 
a  rib  should  be  cast  to  fit  into  this  groove.  An  india-rubber  joint  of 
circular  section  is  fitted  into  the  groove  and  the  rib  on  the  other  pipe 
fitted  on  it,  the  two  ends  being  well  screwed  down  with  nuts  and 
bolts  in  the  usual  way. 

Wrought-iron  and  Steel  Pipes, — Pipes  of  this  class  are  now 
extensively  used  for  pumping  purposes,  and  possess  considerable 
advantages  over  those  made  of  cast  iron.  They  are  more  easily 
handled,  and  also  cheaper,  while  sections  of  any  reasonable  length 
can  be  readily  cut  off  and  fitted  wherever  required.  It  has  been 
found,  however,  in  practice,  that  when  dirty  or  acid  water  has  to  be 
dealt  with,  that  cast-iron  pipes  are  best.  Pipes  of  large  section 
should  be  made  of  mild  steel,  which  is  more  homogeneous  and 
possesses  greater  strength  than  wrought  iron.  The  joint  used  for 
this  class  of  pipe  is  somewhat  different  from  that  used  in  cast-iron 
pipes.  Leaded  joints  are  sometimes  used  when  the  pipes  are  per- 
manently fixed,  such  as  in  siphons,  but  they  are  not  suitable  for 
shaft  work. 

Eadie's  joint,  which  is  somewhat  similar,  iB  also  much  used  both  for 
water  and  compressed  air.  At  Kladno,  Bohemia,  a  flange  packing 
has  been  successfully  adopted  for  a  head  of  water  of  1700  ft.  One 
of  the  flanges  is  recessed  to  admit  a  ring  of  rubber  or  metal  of  [^ 
shape,  this  ring  being  held  in  position  by  a  rigid  metal  ring,  which 
gives  great  security  and  tightness  to  the  joint  (fig.  349). 

Expansion  Joints, — Where  the  column  of  steel  or  wrought  iron 
used  is  very  long  in  either  shafts  or  inclines,  expansion  joints  should 
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be  used  to  prevent  'elbowing.'  The  commonest  forms  are  merely 
joints  with  an  ordinary  stuffing-box,  containing  hydraulic  packing. 
The  pipe  entering  the  stufling-boi  should  bo 
perfectly  amooth,  and  kept  well  greased. 

Pipe    Supports. — Pipes    in    a    vertical    shaft 
r]    -c  1~|    ought  to   be   properly  supported  to  keep  them 

IJ  t?    O    in  a  vertical  line.     It  is  also  necessary  to  con- 

trive some   support  for   the    weight  of  a    long 
column  of  pipes.      A  svipport  ought  to  be  put 
in    every   eight   or   ten    fathoms    at    least.      A 
Fio.  349.  common  method  is  to  lay  timber  pieces  across 

the  shaft,  and  bolt    them   firmly  down   to  the 
buntons  at  one  end,  and  fix  them  into  the  strata  at  the  other. 

Sometimes  the  rods  are  supported  by  the  method  shown  in  Sgs. 
350,  351.  Two  cross  pieces  a  a  are  laid  across  the  pieces  b  b,  the 
two  sets  of  timbers  being  firmly  bolted  together  with  hanging  and 
horizontal  bolts.     When  there  is  little  room  m  the  shaft,  the  method 


Fics.  350,  3S1,  3G2,3G3.  —  Pi[i«  supports. 


employed  is  to  use  a  gland,  bent  to  the  circle  of  the  pipes,  with  two 
screwed  ends,  over  which  a  plate  of  iron  is  fixed.  A  piece  of  wood 
a,  like  a  saddle,  may  be  fixed  between  the  pipe  and  the  support,  and 
the  gland  then  tightened  by  the  nuts  (figs.  352,  353). 

Sue  of  Pi/)es. — -The  diameter  of  pipes  will,  of  course,  depend  on 
whether  they  are  connected  to  a  lift  or  force  pump,  and  on  the 
velocity  at  which  the  water  is  required  to  flow.  For  ordinary  lift 
pumps  the  pipes  ought  to  be  J  in.  larger  than  the  working  barrel,  so 
that  the  bucket  can  be  drawn  through  them  if  necessary,  and 
changed  at  the  top  of  the  lift  or  on  the   surface.     With    force  or 
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plunger  pumps  this  is  unnecessary,  and  therefore,  for  this  class  of 
pump,  the  diameter  of  the  delivery  pipes  may  be  smaller. 

The  velocity  of  the  flow  of  water  in  pipes  varies  as  the  area  and 
area  oo  D*,  therefore  velocity  oo  D^. 

.'.  <i  :  rf  :  :  \/i  I  V2  o'  -5=  ~^  \  where  e^^diameter  of  plnDger. 

2 

c22= diameter  of  rising  main. 
Vi = velocity  of  water  in  rising  main. 
V2=^^l^^y  <>f  plunger. 

If  the  maximum  velocity  of  the  water  in  the  rising  main  is  not  to  exceed  say 
160  ft.  per  minute,  and  the  speed  of  plunger  60  ft  per  minute,  diameter  of 
plunger  16  in.,  what  should  be  tne  diameter  of  the  rising  main  1 

15«    150 
Here  d=lh  in.,  Vi  =  150  ft.  per  min.,  \/a=^0  ft*  P®'  ^^^'     •'.  ~T  "  "^q 

.  •.  160(^  -  60  X 16* .  •.  rf, = >y/?5i^  =  VOO = »'48    in.     So    that   pipes   about 

9}  in.  diameter  would  be  suitable  for  a  16  in.  diameter  plunger  under  the  above 
conditions.  A  practical  rule  is  to  make  the  rising  main  about  }  the  area  of 
that  of  the  plunger. 

Thicknets  of  Pipes. — The  thickness  of  pipe  required  will  vary 
according  to  the  pressure  to  be  sustained  and  the  constancy  or 
otherwise  of  the  pressure.  If  the  pressure  is  miiform,  the  pipes 
may  be  made  much  lighter  than  where  it  varies,  by  the  stopping 
and  starting  of  the  water  colunm,  as  in  a  single-acting  pump. 
Similarly,  if  the  water  is  corrosive  the  pipes  will  require  to  be  extra 
strong. 

Pipes  are  liable  to  rupture  either  transversely  or  longitudinally. 
Their  strength  may  be  calculated  according  to  the  following  formula : 

Rupture  longitudinally  :  P  x  D  =  2^  x/. 

Rupture  transversely :  P  x  D* x  •7854=<  x  D  x  3*1416  x/. 

Where  P= pressure  in  lbs.  per  sq.  in.  <  =  thickness  of  pipes  in  in. 

D= internal  dian^m.of  pipes  in  in.  /=  coefficient  of  metal  employed 
(cast  iron  =  16,660-,  wrought  iron =60, 000,  steel  =  70,000). 

Example. 

Given  a  set  of  pipes  10  in.  diameter  (internal)  and  |  in.  thick :  find  the  pressure 
required  to  rupture  them  (a)  transversely,  and  (6)  longitudinally. 

(a)  Longiludinally : 

PxD=2<x/ 
Pxl0=2xgx  16600 

.  •.  P=2  >i5xl6600^2000  Ibe.  per  sq.  in. 
10x8  *-      1 
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{b)  Transversely  : 

P X D» X  -7854  =  txDx 8-1416 x/ 
PxlO  =4x8x16500 

.   p  ^  4xtx  16500  ^^QQQ  j^g^  p^^  g^   .jj 

For  safety,  the  working  pressure  would  be  taken  at  ^th  to  ^th  of  the  above 
pressures. 
The  thickness  of  pipes  required  can  be  obtained  from  the  formula  deduced 

from  above,  <=■ 


2/ 


Example. 


Given  a  head  of  water  of  600  ft,  and  internal  diameter  of  pipes  10  in.  ;  what 
thickness  would  the  pipes  require  to  be,  taking  this  safe  working  pressure  at  |th ! 

-     600  X  434  X 10     .c«  .  Aiu  ■ 

<=  __    -- ^-  ,  =  '66  m.  or  Jth  m. 

2  X  18500  X  4  • 

Where  the  pipes  are  exposed  to  shock  as  in  mine  pumps,  the 
practice  is  to  make  them  with  a  greater  thickness  of  metal  than 
would  be  brought  out  by  the  foregoing  formulae,  which  are  based  on 
the  assumption  that  the  pressure  exerted  is  constant,  and  which 
takes  no  account  of  defects  in  casting,  etc.  The  following  rule  will 
be  found  to  coincide  more  closely  with  practice  : — 

^  =  (•00022  Pd)+  -ISVrf  (Molesworth). 
Where  I  =■  thickness  of  metal  in  inches  or  decimals  of  an  inch. 

P= pressure  in  lbs.  per  sq.  in.  due  to  head  of  water= A  x  '434. 
<£=aia.  of  pipe  in  inches. 

Taking  the  example  as  already  worked  out : — 

^=(•00022  X  600  X  -434  x  10)+  '16 ^10=  '5728  +  •4740  =  1*046  in. 

For  working  barrels  <  =  (-00017  Fd)  +  1-26. 

To  find  the  necessary  thickness  for  wrought-iron  pipes  with  a  given 
head  of  water : — 

t  =  -0000288  M 
or  ^= -0000666  Prf 

Weight  of  Uast-iron  Ptpe«.— W=  2-45  (D^  -  d^) 

Where  W= weight  in  lbs.  per  ft.  of  pipe. 

D= external  diam.  of  pipe  in  inches. 
(2= internal  „  „ 

2*45  =  constant. 

The  weight  of  two  flanges  may  be  taken  as  approximately  equal  to 
one  foot  of  pipe. 

In  practice  the  thickness  of  pipes  used  is  somewhat  greater  than  the  calculated 
thickness,  to  provide  for  wear  and  other  contingencies.  The  following  thicknesses 
of  metal  are  used  for  cast-iron  pipes  of  different  diameter  and  for  different  heads  of 
water: — 
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50  ft.  Head 

100  ft.  Head 

150  ft.  Head 

200  ft.  Head 

260  ft.  Head 

300  ft.  Head 

or  21-65  Iba. 

or  43-3  lbs. 

or  64-85  lbs. 

or  86*6  lbs. 

or  108-25  lbs. 

or  129-0  lbs. 

Inside 

Press. 

Press. 

Press. 

Press. 

Press. 

Press. 

DiAineter 
c>f  Pip«. 

Thickness 

Thickness 

Thickness 

Thickness 

Thicknuss 

Thickness 

of  Meta]. 

ofMetaL 

of  Metal 

of  MeUl. 

of  MeUl. 

of  MeUl. 

Ids. 

Ins. 

ins. 

ins. 

ins. 

ins. 

ins. 

8 

0-422 

0*450 

0-474 

0  498 

0*522 

0-646 

10 

0*459 

0-489 

0-519 

0*549 

0-579 

0-609 

12 

0-491 

0-527 

0-668 

0-699 

0-636 

0-671 

14 

0-524 

0-566 

0-608 

0-650 

0-692 

0-784 

16 

0-680 

0-604 

0-625 

0-700 

0-748 

0-796 

18 

0-589 

0-643 

0-697 

0-761 

0*805 

0-869 

20 

0-622 

0-682 

0*742 

0-802 

0-862 

0*922 

24 

0-687 

0*769 

0-831 

0-908 

0-975 

1047 

Pump  Valves  or  Clacks. — Valves  for  pumps  used  in  mines  are  of 
various  types,  their  design  and  construction  depending  upon  whether 
the  water  is  clean  or  gritty,  acid  or  otherwise  corrosive,  and  whether 
the  temperature  is  high  or  low. 

There  are  three  types  of  valves  generally  used,  viz. : — 

Hinged  valves,  commonly  called  clacks. 

Straight  lift  valves,  whicn  rise  vertically  on  their  seats. 

Flexible  valves,  which  alter  their  form  on  opening. 

In  ordinary  pumps  the  valves  mostly  used  are  of  the  hinged  type, 
with  either  a  single  or  double  lid  (see  figs.  354,  356,  358). 

For  direct-driven  pumps,  straight  lift  valves  are  very  largely  used. 
Figs.  356,  357  show  such  a  valve,  which  is  commonly  used  for  any 
pressure  up  to  500  lbs.  per  square  inch.  Double  flap  or  *  butterfly '  lid 
valves  are  almost  entirely  used  for  buckets  and  clack  valves  of 
lifting  sets.  Thus  the  latter  valve  is  very  suitable  for  lifts  which  do 
not  exceed  30  to  40  fms. ;  but  for  lifts  over  30  fms.,  iron  hinges 
should  be  used  instead  of  leather.  Figs.  359,  360  show  this  type 
of  valve. 

The  valves  are  usually  faced  with  leather,  but  where  acid  water 
has  to  be  pumped,  rubber  is  to  be  preferred,  and  sometimes  vulcanite 
or  brass  is  used  instead  of  iron  for  mounting.  If  the  water  is  hot  a 
rubber  composition  is  used  for  facing  them. 

Hinged  valves  are  more  liable  to  leakage  than  straight  lift  valves, 
as  they  wear  more  unequally ;  but  the  tightness  of  a  valve  depends  a 
good  deal  on  the  pressure  per  square  inch  on  its  face,  while  the  less 
bearing  it  has,  the  more  difficult  it  is  to  keep  it  tight.  On  the  other 
hand,  the  larger  the  bearing  surface,  the  greater  the  wear.  Leakage 
with  hinged  valves  will  probably  amount  to  10  or  12  per  cent.,  and 
for  lift  valves  5  to  7  J  per  cent. 

A  valve  shoidd  not  be  larger  than  10  in.  in  diameter.     If  larger 
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outlets  than  this  are  required  the;  should  be  made  double,  for  when 
the  valve  is  very  large  it  is  impossible  to  prevent  it  from  '  hammer- 
ing,' owing  to  the  weight  of  water  above.  Good  valves  should  be 
simple  in  construction,  and  not  liable  to  get  out  of   order.     They 


Fio.  8GG.-P1U1.  Fto.  3B7.— Plan. 

Common  Hinged  CUck  Valve.  Straight  Lift  Valve. 

Fios.  364,  365,  366,  367.— Various  types  of  valve*. 

should  present  as  little  resistance  as  possible  to  the  flow  of  water, 
and  should  close  as  quickly  as  possible  on  the  completion  of  the 
stroke. 

Buckets. — Buckets  are  usually  constructed  of  iron  with  leather 
mountings,  the  shell  being  often  composed  of  gutta-percha,  or  a 
compoeition  containing  this.  They  arc  provided  at  the  top  with  two 
flap  lids  opening  from  the  centre.     Their  construction  will  be  under- 
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stood  from  figs.  361,  362,  363.  The  leather  and  other  mountings 
should  be  of  the  very  beat  quality,  otherwise  they  will  rapidly  wear, 
and  cause  much  trouble  and  annoyance.  For  very  high  lifta  the 
bucket  is  sometimes  made  entirely  of  metal.  E^g.  364  shows  such  a 
bucket  constructed  of  steel,  and  simply  made  to  fit  sufficiently  well 
to  prevent  leakage,  and  not  occasion  too  much  friction. 


Via.  358.— Double  hinged  valve.  Flo.  850.— Flexible  vslva  plan. 


Fio.  359. — Flexible  T>lTs«lsTation. 
FlQH.  3G8,  359,  360.- VariouB  tjpea  of  valrea. 

The  bodies  of  buckets  of  this  class  are  made  a  good  deal  longer 
than  ordinary  sorts,  which  increases  their  eificiency  against  leakage. 
Grooves  are  sometimes  turned  in  the  body  of  the  bucket,  and  bisss 
rings  inserted  to  make  them  work  smoothly. 

Plungers  Ot  Bams. — Plungers  for  oidinary  pit  pumps  are  usually 
made  of  cast  iron ;  for  small  pumps,  or  where  the  water  contains 
much  acid,  they  are  sometimes  made  of  brass  or  lined  with  it.  The 
plunger  is  usually  made  hollow,  and  connected  to  the  rods  by  the 
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methods  shown  iu  fige.  365,  366.  In  large  hollow  plungers  the  wood 
rod  is  sometimes  simply  driven  iu  firmlj  to  give  it  sufficient  gripping 
power  to  prevent  it  from  slipping.  The  plunger  should  be  accurately 
turned  and  finished  smooth,  so  as  to  work  with  as  little  friction  as 
possible. 

Plungers  should  be  kept  well  greased  at  the  top  of  the  stuffing- 
box,  as  this  will  reduce  frictiou  aud  tend  to  easy  workiug, 

Pump-Rods  or  Speara. — Pump-rods  are  nsu^y  made  of  pieces  of 
pitch  pine  or  oak,  18  to  45  ft.  long,  30  ft.  being  a  common  length, 
and  square  or  rectangular  in  section,  joined  together  by  strong  iron 


If- 

-J*.-J 

-  Jl 

t 

s 

Flos.  361,  3S2,  S63.— Bucket  and 

plates  to  withstand  the  heavy  strains  to  which  they  ai«  subjected. 
Iron  rods  are  sometimes  used,  but  not  very  extensively,  at  least  in 
Britain.  They  are  more  difficult  to  make  and  to  put  tt^tber,  get 
more  easily  out  of  order,  and  are  more  difficult  to  repair  t^n 
wooden  rods.  Speaking  of  iron  pump-rods.  Gallon  says ;  "  The  light- 
ness of  rods  is  not  usually  a  point  to  be  desired,  because  we  are  often 
led,  on  the  contrary,  to  give  them  additional  weight.  We  may  fairly 
conclude  that  this  is  one  of  those  cases  more  frequent  in  practice 
than  we  think,  in  which  the  wotd  modiJiaUum  need  not  necessarily 
signify  improvement,  and  that  metallic  rods  have  no  decided  superi- 
ority over  wooden  ones," 
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On  the  whole,  rode  made  of  pitch  pine  have  been  found  to  be  in 
every  way  better  suited  for  pumping.  The  size  of  section  will  vary 
according  to  the  size  of  pump  and  length  of  lift.  The  pieces  are 
joined  one  to  another  either  by  a  common  square  joint  or  a  scarf 
joints  and  held  together  by  iron  plates  and  bolte  (see  figs.  367,  368, 


Fio.  S64.— Steel  buokeL 


Fioa.  sac,  366.— Plunger  conDBctioiu. 


369).  For  plunger  or  force  pumpe  tbe  joint  should  be  made  square, 
aa  the  whole  of  the  pressure  or  work  done  is  practically  oq  the  down 
stroke  ;  but  for  bucket  or  lift  pumps,  where  the  tension  is  greatest 
on  the  up  stroke,  the  joint  is  often  scarfed  in  a  zigzag  fashion  which 
is  found  to  give  better  results. 

For  rods  up  to  8  in.  or  9  in.  square,  two  straps  or  plates  and 

20 
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'  dumb '  or  '  clink '  bolts,  put  in  at  right  angles  to  the  plate  bolts  and 
a  little  above  them  (fig.  367),  will  be  sufficient  to  prevent  the  other 
bolt«  from  tearing  along  the  grain  of  the  wood.  The  bolt  holes  in 
the  plates  should  be  bored  in  zigzag  fashion,  otherwise  if  they  are 


Fids.  SflT,  3S8,  3S9.— Pumji-rodsor  spear  jointB. 

placed  in  e.  line  they  will  have  a  greater  tendency  to  split  the  rod. 
For  rods  over  9  in.  square  four  plates  will  be  necessary  to  give  the 
requisite  strength.  The  plates  used  on  the  joints  are  from  C  to  18 
ft.  ill  length,  according  to  the  size  of  the  rods  and  the  length  of  lift ; 
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they  may  be  either  uniform  in  section  or  somewhat  tapered  at  each 
end.  Additional  strength  may  be  obtained  by  overlapping  the  ends 
of  the  rods,  under  the  jointing  plates,  by  a  separate  piece  fitted  in, 
and  holding  the  ends  by  means  of  steel  keys  (a,  fig,  370). 


Flo.  370.  Figs.  371,  872. 

When  the  rods  required  for  a  pnmp  have  to  be  very  large  in 
section,  and  would  be  too  lai^e  to  be  handled  easily,  two  rods  of 
smaller  section  are  sometimes  employed,  braced  together  by  iron 
stays  and  bolts,  as  in  fig.  371. 
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Sometimes  the  lengths  of  pump-rods  are  joined  together  by  plates 
having  projections  for  the  bolts  (fig.  372),  to  obviate  the  necessity  of 
boring  bolt  holes  in  the  rods  themselves.  This  plan  is  said  to  give 
additional  strength  to  the  rods,  and  saves  labour  in  boring  holes,  and 
the  plates  are  more  easily  put  on.  The  same  object  may  be  attained 
by  using  two  long  wooden  straps  at  the  joint  and  bolting  them 
firmly  on  the  rod. 

In  both  these  methods  great  care  should  be  taken  that  none  of  the 
bolts  get  slack,  as  the  rods  would  be  liable  to  drop  out  from  between 
the  plates. 

The  sizes  of  rods  used,  as  already  mentioned,  will  depend  on  the 
size  and  speed  of  pump,  and  length  of  lift  or  head  of  water.  The 
following  sizes  are  often  used  in  practice,  viz. : — 

8-in.  bucket.     lift  30  to  40  fms.     Bods  4  in.  square,  plates  |  in.  x  3}  in.  x  8  ft 

Bod  bolts  S  in.  diameter.     '  Dumb  *  bolts  ^  in.  diameter.     Bolts  put  in 

10  in.  centre  to  centre. 
10-in.  bucket.     Bods  5  in.  square,  with  same  sizes  of  plates  and  bolts  as  for 

8-in.  bucket. 
12-in.  bucket     Bods  6  in.  square,  iilates  )  in.  x  J  in.  x  9  ft     Bod  bolts  |  in. 

diameter,  dumb  bolts  g  in.  diameter,  and  five  on  each  side  of  joint. 
16-in.   bucket     Bods  8  in.  square,  plates  )  in.  or  g  in.  x  6  in.  x  9  ft     Bod 

bolts  1  in.  diameter,  dumb  bolts  {  in.  diameter. 

With  a  20-in.  bucket  the  rods  would  require  to  be  10  in.  square, 
and  four  plates  would  have  to  be  used  instead  of  two,  the  plates 
being  about   f  in.  x  8  in.  x  12  ft.,  and  the  bolts  1 J  in.  to   IJ   in. 

diameter.  Pitch  pine  sawn  into  lengths  for  pump- 
rods  costs  about  2s.  6d.  per  cubic  foot.  Plates  bored 
and  ready  for  putting  on  cost  Ss.  per  cwt.,  and  bolts 
10s.  6d.  per  cwt. 

In  calculating  the  size  of  rods  and  plates  to  be 
used  for  any  given  size  of  pump  and  length  of  lift^ 
different  formulae  are  used,  giving  somewhat  different 
results,  but  a  simple  plan  is  to  equate  the  opposing 
strains  or  pressures  to  which  the  ixxls  are  subjected. 

In  an  ordinary  lifting-pump  as  illustrated  (fig.  378),  let 
/i  be  the  tensile  strength  of  pitch  pine  (12,000  lbs.  per  sq.  in.) 
and  A  the  sectional  area  of  rod  in  square  inches.    Then  the 
total  upioard  strain  on  rod  will  equal  A  x/. 

If  a  is  the  area  of  bucket  m  sq.  in.  {D^  x  7854),  and  p  the 
pressure  in  lbs.  per  sq.  in.,  due  to  head  of  water  (head  in 
Fio.  878.  ft.  X  '434),  then  axp  will  be  the  total  doumtoard  strain. 

Now  A  x/  should  equal  a  x  jp  or  Fi  =  F2. 
This  rule  would  give  the  data  required  for  calculating  the  size  of  rod  necessary 
to  exactly  balance  the  downward  strain,  but  in  actual  practice  a  larae  mar^n 
would  have  to  be  allowed  for  safety,  this  factor  depending  on  the  speed  and  size 
of  pump.  The  inertia  of  the  water  column  and  of  valves  would  also  have  to  be 
taken  into  account. 

**  In  large  forcing  pumps,  with  the  engine  placed  on  the  surface,  all  the 
excess  of  the  weight  of  the  rods  above  that  of  the  column  of  water,  plus  the  friction, 
should  be  balanced,  save  a  little  surplus  which  is  left  to  make  the  downward 
stroke  begin  distinctly.     Not  infrequently  the  main  line  of  rods  is  over-weighted 
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on  porpofie,  but  at  the  same  time  balanced,  in  order  to  increase  the  mass  set  in 
motion.  The  object  of  this  is  to  produce  a  moderate  acceleration  only  at  the 
commencement  of  the  upward  stroke  when  the  steam  has  its  full  pressure  and  the 
power  is  much  greater  than  the  load,  for  it  is  on  the  rate  of  this  acceleration  that 
the  reactions  of  the  force  of  inertia  which  are  got  up  in  the  various  parts  depend, 
and  these  reactions  again  increase  the  strain  on  the  entire  system."  * 

It  is  generally  allowed  that  the  useful  weight  of  the  main  rod  ought  to  exceed 
by  iV^^  ^  l^h  the  weight  necessary  for  raising  the  delivery  valves  in  plunger 
pumps.  For  all  practical  purposes  we  may  take  the  power  necessary  to  overcome 
the  friction  of  the  water  in  moving  through  the  pipes  and  vidves,  and  other  con- 
tingencies, at  about  ^th  of  the  power  required  to  set  the  water  colunm  in  motion, 
i,e.  the  total  pressure  exerted  on  the  ram.  To  cover  this  the  factor  of  safety 
should  be  comparatively  high,  say  30  to  40  for  quick-running,  intermittent 
pumps,  where  the  strokes  are  more  frequent  and  the  strain  greater  than  in  large 
slow-moving  pumps,  where  the  factor  need  not  exceed  20  to  80. 

Example, — What  size  of  (a)  rod  and  (5)  plates  ^ould  be  used  in  a  20-in. 
lifting  set,  the  head  of  water  being  40  fms. ,  and  the  factor  of  safety  80  \ 

(a)  Ax/=ax^xM. 

A  X  12000=20^  X  -7864  x  240  x  '434  x  80=81-8  sq.  in.  (area  of  rod  required), 
or  about  9  inches  square. 

(5)  The  size  of  iron  plates  may  be  found  in  the  same  way,  by  substituting 
50,000 1  for  12,000,  the  factor  of  safety  being  taken  at  10.  If  two  plates  are  put 
on  each  joini;  and  each  plate  is  6  in.  broad, 

A  X  50,000  =  20^  X  7854  x  240  x  '434  x  10  ; 

5  A  =  82 '64.     .*.  A=6'52  sq.  in.  area  ;  hence 

6*52 
Thickness  of  plate  =  - —  =  0*54  in.  (about  g  in.). 

The  plates  would  therefore  require  to  be  J  in.  x  6  in.  x  12  ft.  with  bolts  IJ  in. 
diameter.  For  plunger  pumps  the  compressive  strain  (6000  lbs.  per  sq.  in.)  of 
pitch  pine  would  require  to  be  taken  instead  of  tensile  strain. 

The  following  empirical  formulae  are  also  used  for  determining  the  dimensions 
of  pump-rods,  plates,  and  bolts,  where  D= diameter  of  pump  in  inches. 

Bucket  Pump-Rods : 

Sectional  area  of  rods=^^^  of  bucket ^^^ 

Si 

^i-*^..    area  of  bucket  ,,. 

„  „    plates- ^-j-^ (ft). 

„  „     bolt8= j^ (c). 

Plunger  Pump-Hods : 

Sectional  area  of  rods  of  lowest  lift  =  iI5i^lPB5^  . 

second  „  ^^rea  of  pump  ^^^  of  bottom  ]ift 


it  ti  ow%rt/*»\*    ,, 


f}  l> 


third     „  =  »■•«»»?  P'unp+Mca  of  second  Uft 


id). 
W. 


l>  II 


II  II 


plstea       =  area  of  rods ^^^^ 

bolts         =  area  of  rods ^^^ 

These  rules  are  based  upon  the  assumption  that  the  lift  is  not  greater  than 
<60  to  80  yards. 

•  Lectures  on  Mining ^  by  M.  Gallon,  vol.  ii.  p.  863. 

t  Tensile  strength  of  wrought  irons 50,000  lbs.  per  sq.  in. 
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Guiding  the  Patnp-rod'. — When  the  pump-rods  are  in  operation, 
the;  require  to  be  kept  from  twisting  or  vibrating  in  the  shaft ;  this 
is  done  by  '  collaring '  or  guides.  The  collaring  is  compoaed  of  pieces 
of  wood  nailed  or  bolted  to  the  croes  buntoos  at  certain  fixed  diatances 
apart.  They  ought  to  be  placed  sufficiently  near  each  other  to  keep 
the  rode  from  'buckling'  under  compressive  straina,  and  they  ought 
to  be  kept  in  line  or  as  nearly  so  aa  possible.  Pieces  of  hard  wwd, 
oak,  or  beech,  called  cleats,  are  fixed  to  the  rods  (a  a,  fig.  374)  either 
by  nails,  counter-sunk  bolts,  or  by  glands  at  the  top  and  bottom. 


E1«Tatioii.  Plan. 

Flos,  371,  STG.—'Colluing' for  rods. 

These  cleats  are  2  in.  to  3  in.  thick,  tapered  at  the  ends,  and  made 
a  little  longer  than  the  stroke  of  the  pump.     They  are  put  on  to 

frevent  the  rods  from  wearing  too  rapidly,  and  to  prevent  breakage. 
igs.  374,  375  show  the  methods  of  collaring. 
Sometimes  a  piece  of  wood,  square  in  section,  is  fixed  to  the  rods 
and  works  in  a  '  shoe '  fixed  on  the  croea  buntona  or  the  guides,  or 
the  rods  may  be  made  of  iron  and  &  '  shoe '  fitted  to  suit,  which  is 
much  more  substantial. 

All  these  cleat«  or  rubbing  pieces  should  be  kept  well  lubricated, 
to  reduce  friction  and  wear  to  a  minimum.  The  rods  working  inside 
the  pipes  (called  '  wet '  rods)  must  also  be  provided  with  cleats  to 
prevent  the  bolta  or  plates  from  rubbing  against  and  wearing  the  pipes. 
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'Bang'  Pieces. — The  roda  should  also  be  provided  with  'bang' 
pieces,  bj  meanB  of  which,  in  the  event  of  the  rods  breaking  or 
getting  detached  from  the  engine  for  repairs,  they  may  be  caught  and 
rested  on  strong  beams  placed  across  the  pit  (culled  '  horse  trees '). 
The  '  bang  '  pieces  (figs.  376,  377,  378)  may  be  made  of  either  wood 
or  iron  clamped  to  the  rods.  It  is  best  to  secure  these  catches  to 
the  rods  without  the  bolta  passing  through  the  latter,  because  then 


F108.378.  377,378.— "Bing'i 


they  can  slip  a  little,  and  bo  lessen  the  shock  if  they  happen  to 
fall  away.  With  the  same  object  a  'cushion'  is  aometimes  used, 
nwde  of  thin  boards  (a a)  placed  immediately  above  the  'horse 
trees. '  The  cross  beams  or  '  horse  trees '  require  to  be  sufficiently 
strong  to  withstand  the  shock  of  the  column  of  rods  falling  on  them 
suddenly. 

There  ought  to  be  at  least  two  of  these  supports,  one  immediately 
below  the  '  bell  cranks,'  and  the  other  at  the  Iwttom  of  the  rods. 

OffteU  or  Aprons. — The  usual  method  of  opet«ting  two  sets  of 
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pumps  by  one  column  of  rods  in  generally  done  by  oieahs  of  ofiWta 
called  aprons.  The  uanal  way  is  to  insert  a  square  block  of  wood, 
called  an  'apron,'  between  the  two  sets  of  rods,  bo  as  to  carry  the 
one  set  (those  of  the  lower  lift)  clear  of  the  working  barrel  of  the 
ether  set  (figs.  379^  380)^     Cast-iron  aprons  are  also  used  for  making 


FiOB.  381,  382.— Cart-ir 


gB.  381,  382),  and  are  better  than  wood,  as  they  arc  lesB  liable 
to  shrink,  and  the  clampa  less  likely  to  get  loose.  They  are,  how- 
ever, more  expensive  and  more  difficult  to  fix. 

Guides  or  oollaring  should  be  placed  as  near  where  the  ofiset  b 
made  as  possible,  boUi  above  and  below. 

The  offeet  may  also  be  effected  by  using  a  'cross-head,'  which  b 
to  be  preferred  to  the  ordmaiy  apron,  as  the  set  of  rods  operated 
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below  the  crose-head  is  in  direct  line  with  the  rods  working  above,  so 
tending  to  reduce  friction  and  atr&ina  (see  fig.  383). 

Balancing  Ihe  Rodt. — Iii  most  pumping  arrangements  where 
wooden  roda  are  used  some  balancing  arrangements  are  required,  as 
the  rods  are  nearly  always  heavier  than  the  column  of  water  they 
have  to  raise. 

Gallon  says :  "  This  excess  of  weight  requires  the  expenditure  of 
a  certain  amount  of  motive  power  to  raise  it,  and  as  soon  as  the 
rod  in  its  descent  has  opened  the  claoks  it  beoomes  useless  and  even 


Fio.  888.— CrosB-hoKt.  Fio.  8B4.— Baknce  beam. 

injurious.  In  fact,  it  becomes  necessary  to  counterbalance  it,  so  that 
the  rod  may  not  acquire  an  accelerated  velocity."  * 

There  are  different  methods  of  applying  a  counterbalance,  but  the 
commonest  one  is  to  use  a  balance  on  the  '  bell-crank '  at  the  surface, 
or  an  auxiliary  bell-crank  in  some  part  of  the  shaft 

A  double  bell-crank  is  sometimes  used  for  the  counterbalance,  and 
at  one  end  a  heavy  weight  is  placed,  generally  a  large  box  filled  with 
scrap  metal,  which  can  be  adjusted  whenever  required  (fig.  384). 

Hydraulic  or  loaded  pistons  are  also  used  for  balancing  the  rods, 

*  Ledares  on  itining,  U.  Gallon,  toL  ii  f^.  S47~S. 
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lonipreBsed  air,  where  used,  can  also  be  applied  for  this  purpose, 

a  to  be  preferred  to  the  hydraulic  piston. 

In  West  and  Darlington's 
hydraulic  balance  an  auxil- 
iary piston  is  used,  worthed 
off  the  main  rods  (fig.  385). 
The  loss  of  water  is  made 
up  by  the  pipe  k,  which 
communicates  with  a  cistern 
placed  in  the  shaft.  When 
this  cannot  be  done  a  small 
plunger  J  draws  up  and 
forces  in  the  necessary 
snpply.  The  same  arrange- 
ment can  be  adopted  with 


Bucket  Pumpa.  — These 
pumps  are  largely  used  for 
raising  water  in  shafts. 
They  are  similar  to  ordinary 
well  pumps.  A  working 
barrel  a  (fig.  387),  smoothly 
bored  out,  works  the  bucket 
b.  Immediately  below  the 
working  barrel  is  the  clack 
piece  c,  which  contains  the 
suction  or  receiving  clack  d, 
and  dipping  into  the  water 
is  the  wind-bore  or  snore- 
pipe  e,  which  is  a  pipe 
closed  at  one  end  wi^  a 
number  of  holes  bored  in 
it  for  the  admisBion  of  the 
water. 

Action  of  Pump. — Sup- 
pose the  bucket  to  be  at 
the  end  of  the  down  stroke, 
and  to  be  now  raised.  This 
upward  motion  tends  to 
produce  a  vacuum  below  it, 
and  the  air  contained  in  the 
wind-bore  opens  the  suction 
>io.385.-W«it.DdDMlmgt0B'iW»iicB.  ^al'^  ""^  ^^^^  '"to  the 
working  barrel.    The  elastic 

force  of   this  air  being  thus  diminished,  the  atmospheric  pressure 
*  For  fnller  descriiitioa  of  this  balancing  ansngemeDt,    see  On  and  Ston* 

XMing,  Sir  C.  Le  Neve  Foetei,  sixth  editiou,  {k  476. 
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will  cause  the  water  to  rise  in  the  pipes  until  the  pressure  of  the 
column,  increased  by  that  of  the  air  inside,  exactly  counterbalances 
the  pressure  of  the  external  atmosphere.  At  the  next  stroke  of 
the  bucket  a  fresh  quantity  of  air  will  escape,  and  the  water 
will  rise  higher  in  the  pipes,  this  process  being  repeated  until  the 
water  reaches  the  bottom  of  the  bucket,  provided  the  distance  is 
not  greater  than  34  ft.  In  practice  this  height  is,  however,  never 
attained,  20  to  25  ft.  being  the  practical  working  distance  between 
the  bucket  and  the  surface  of  the  water.  The  pipes  being  now  filled 
with  water  up  to  the  bottom  of  the  bucket,  and  the  piunp-rod  falling 
at  the  down  stroke,  the  suction  valve  will  be  closed  and  the  valves 
on  the  top  of  the  bucket  will  be  open,  allowing  the  water,  which 
on  the  up  stroke  will  be  carried  the  full  length  of  the  stroke,  to 
rush  through.  This  process  is  repeated  imtil  the  water  reaches  the 
surface.  It  will  be  seen  that  nearly  the  whole  weight  of  water  is 
raised  on  the  up  stroke. 

Plunger  Pump, — The  construction  of  the  plunger  pump  is  some- 
what different  to  that  of  the  bucket  pump.  In  this  pump  there  is 
a  long  solid  piston  or  plunger  a  (fig.  386)  connected  to  the  pump-rods 
6,  working  through  a  stuffing-box  c,  in  the  barrel  or  ram  casing  d. 
Instead  of  a  single  valve,  as  in  the  bucket  pump,  there  are  two,  a 
suction  valve  e  and  a  delivery  valve  /,  situated  in  the  two  clack 
chambers  g  and  h. 

Action  of  Plunger  Pump, — The  principle  of  this  pump  is  exactly 
like  that  in  the  bucket  pump,  but  it  is  worked  somewhat  differently. 
On  the  up-stroke  of  the  plunger  the  water  forces  the  suction  clack 
open  and  fills  the  space  between  it  and  the  bottom  of  the  plunger  ;. 
on  the  down  stroke  of  the  plimger  the  suction  valve  is  closed  and 
the  water  is  forced  up  through  the  delivery  clack  the  full  length  of 
the  stroke,  the  same  process  being  repeated  at  each  stroke  until  the 
water  is  delivered  at  the  surface.  Thus  the  whole  of  the  work  done 
is  practically  carried  out  in  the  down  stroke. 

In  a  bucket  piunp  the  work  is  more  unequally  divided  than  in  a 
plimger  lift;  but  with  a  bucket  pump  the  rods  last  much  longer 
unless  the  water  is  acid  and  destroys  the  iron  connections  at  the 
joints.  The  latter  has  also  the  advantage  that  in  case  of  a  sudden 
inflow  of  water  in  the  shaft,  the  bucket  may  be  drawn  through  the 
pipes  and  changed  at  the  top  of  the  lift,  if,  as  is  usual  in  fitting  up 
bucket  lifts,  the  pipes  are  a  little  larger  than  the  working  barrel. 
It  is,  therefore,  generally  the  rule  where  there  are  a  series  of  lifts  in 
the  shaft,  to  make  the  bottom  one  a  bucket  lift.  It  is  usual  to- 
arrange  bucket  lifts  with  two  bell-cranks,  so  that  when  one  of  the 
lifts  is  making  an  up  stroke  the  other  is  making  a  down  stroke.  In 
this  way  they  are  more  or  less  balanced,  and  the  work  done  by  the 
engine  is  better  distributed. 

Ck>mpared  with  a  bucket  lift  the  advantages  of  plunger  pumps 
may  be  thus  stated  : — (1)  The  rods  or  spears  being  working  outside 
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the  pipes,  can  bo  more  easily  ezamioed  aod  got  at  for  repairs  whea 
needed.  (3)  Auy  leakage  at  the  plunger  is  more  easily  seen  and 
repaired,  (3)  The  delivery  pipes  may  be  Bmalter.  It  is  usual  to 
determine  the  size  of  the  delivery  pipes  by  the  velocity  at  which  the 


Fios.  3SS,  387.— Plunger  and  bucket  putnpa. 

water  can  travel  without  exceseive  friction,     (i)  The  power  is  more 
evenly  diBthbuted  during  the  up  and  down  strokes. 

Length   of  Lifts. — The  length  of  lift  depends  somewhat  on  the 
point  at  which  the  water  is  coming  into  the  shaft,  and  the  suitable 
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ness  of  the  strata  for  a  seat  for  the  column  of  pipes  and  also  for  a 
lodgment  for  the  water.  For  bucket  pumps  it  is  found  that  the  most 
suitable  length  of  lift  is  from  30  to  35  fms.,  and  for  plunger  pumps 
40  to  80  or  90  fms.,  according  to  the  type  and  size  of  engine  used 
to  operate  the  pumps.  With  engines  of  the  Cornish  type,  the  lift 
is  not  often  more  than  45  fms.,  while  with  direct-acting  engines  of 
Bull  type  the  lift  may  be  70  or  75  fms.  With  such  long  lifts  the 
speed  must  be  slow  and  the  stroke  long,  so  as  to  avoid  too  severe 
shocks. 

With  the  power  engine  placed  at  the  bottom  of  the  shaft  the  water 
may  be  forced  up  any  height  of  lift  between  100  and  1500  ft. ;  but 
with  very  long  lifts  the  joints  at  clack  chambers  and  between  the 
pipes  will  be  very  difficult  to  keep,  and  may  give  much  trouble. 

Speed  of  Pumps, — This  will  vary  much,  according  to  the  size  and 
type  of  pump  used.  For  either  plunger  or  bucket  pumps  working 
with  rods,  a  good  average  speed  is  60  to  80  ft.  per  minute,  which 
may  be  increased  a  little  with  pumps  below  12  in.  in  diameter.  For 
pumps  working  direct  without  rods,  the  speed  may  be  100  to  150 
ft.  per  minute,  according  to  the  size  of  the  engine.  In  all  piunps 
great  care  ought  to  be  taken  to  avoid  sudden  shocks. 

Length  of  Stroke, — This  will  also  be  determined  by  the  size  and 
type  of  pump  used,  and  may  vary  from  3  J  ft.  for  8  in.  or  10  in. 
diameter  pumps,  and  small  engines  up  to  12  or  13  ft.  for  20  in.  to 
30  in.  diameter  pumps  and  large  directracting  engines. 

Quantity  of  Water  delivered  by  a  Pump, — ^The  quantity  of  water  delivered  by 
a  pump  can  be  calculated  from  the  formula, 

144  }         144  I 

Where  D= diameter  of  pump  in  inches. 
L= length  of  stroke  m  feet. 
N  =  number  or  effective  strokes  per  minute. 
G= Gallons  delivered  per  minute. 
6 '25  =  number  of  gallons  in  1  cub.  ft.  of  water. 

These  formuls  will  stive  the  theoretical  quantity  delivered,  5  per  cent  to 
12  per  cent  of  which  should  be  deducted  for  slip  at  the  valves  and  bucket  or 
plunger. 

Example. — How  many  gallons  could  a  pump  15  in.  diameter,  with  a  6  ft. 
stroke,  and  making  eight  effective  strokes  per  mmute,  deliver  per  minute,  allow- 
ing 10  per  cent  for  slip  t 

G=Dax-034xLxN 
=  15,x  -084x6x8 
=  369*2  gallons  per  minute  without  slip. 

367  *2  X  90 
. '.  G—  — — — —  =880 '48  gallons  per  minute  allowing  for  10  per  cent.  slip. 

The  theoretical  quantity  delivered  per  foot  stroke  is  approximately  found  by 

30 
the  expression  G  =  ^- 
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The  diameter  of  pomp  required  for  a  certain  quantity  of  water  may  also  be 
derived  from  the  above  formula, 

D«= 5 . 

•084xLxN 

EaaampU, — What  size  of  pump  would  be  required  to  deal  with  10,000  gallons 
of  water  per  hour!  Engine  to  work  124  hours  per  week,  and  10  per  cent,  to  be 
allowed  K>r  leakage. 

10,000  gallons  per  hour =166 '6  sallons  per  minute. 
124  hours  per  week=  17*7  hours  per  day. 

.  •.  ^^^'^^^^  + 10  per  cent  =  248-48  gallons  per  minute.     If  the  effective  speed 

248*48 
of  pump  is  80  ft  per  minute,  then  D'=  ~T:    °  =^5*6    in.    diameter.     The 
*^      *^  ^  *  *084x30 

size  of  pump  required  would  therefore  be  15*6  in.  diameter,  say  with  5  ft  stroke, 
going  at  six  strokes  per  minute. 

Plant  Required  for  Working  Pmnps. — The  engines  used  for 
operating  pumps  may  be  worked  with  steam,  oompressed  air, 
hydraulic  pressure,  or  electricity. 

For  operating  pumps  in  shafts,  engines  worked  by  steam  are  almost 
universally  used,  especially  when  they  are  situated  on  the  surface. 
Steam  engines  for  working  piunps  by  means  of  rods  may  be  divided 
into  three  classes :  rotative,  non-rotative,  geared. 

The  non-rotative  types  may  be  either  direct-acting  or  indirect- 
acting.  Direct-acting  engines  are  those  in  which  the  piston-rod  is  in 
line  and  connected  to  the  pump-rods.  The  Bull  engine  is  the  most 
familiar  type  of  this  class  of  pumping  engine. 

Sometimes  a  direct-acting  engine  is  defined  as  a  "machine  for 
raising  water,  so  constructed  that  the  pump  is  worked  by  the  motive- 
power  cylinder,  without  the  intervention  of  beams,  connecting  rods, 
cranks,  or  fly-wheels." 

Direct-acting  engines  are  not  so  largely  used  now  as  formerly, 
unless  for  large  quantities  of  water,  or  deep  shafts,  because  the 
cylinder  usually  obstructs  the  mouth  of  the  shaft.  This  is  often 
inconvenient,  unless  there  is  plenty  of  room,  or  a  shaft  is  wholly  set 
apart  for  pumping.  This  type  of  engine  also  requires  very  heavy 
and  expensive  foundations,  and  it  is  also  wasteful  of  power,  owing  to 
the  uncertainty  of  the  point  at  which  the  stroke  is  completed,  and 
the  necessity  for  thus  working  with  a  large  '  clearance '  space  in  the 
cylinder. 

Geared  pumping-engines  are  very  largely  used  for  actuating  pumps 
with  rods,  and  are  receiving  more  attention  from  engineers  than 
formerly.  The  great  advantage  of  this  class  of  engine  is  that  the 
speed  can  be  easily  altered  to  suit  any  conditions  and  that  the  work 
per  stroke  can  be  varied  much  more  easily  than  in  other  types. 

It  must  not  be  forgotten,  too,  that  steam,  being  a  much  more 
elastic  body  than  water,  can  be  moved  more  rapidly  without  danger, 
and  hence  in  a  geared  engine  the  steam  may  be  moving  very  rapidly, 
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while  the  water  may  be  moving  very  slowly.  This  class  of  engine 
can  likewise  be  erected  more  cheaply  and  disposed  of  more  readily 
than  large  direct-acting  engines,  if  not  required  for,  or  readily 
adapted  to,  other  work  than  pumping. 

Special  Types  of  Pumping  Engine : — Bull  Engine. — The  Bull 
engine  may  be  termed  a  Cornish  engine,  with  a  beam  working  under 
the  cylinder  instead  of  over  it  {fig.  388).  The  cylinder  is  placed 
directly  over  the  shaft  in  a  line  with  the  pump-roda,  these  being  a 
continuation  of  the  piston-rod,  and  acting  direct. 

The  great  objection  to  this  class  of  engine  is,  that  It  blocks  up  the 
shaft  and  requires  large  and  expensive  foundations.  On  the  other 
hand,  the  first  cost  is  less  than  for  an  ordinary  Cornish  engine. 


FlO.  388.— Bull  engine.  Fw,  389.— Cornish  engine. 

A  modification  of  the  Bull  engine  is  sometimes  used,  in  which,  to 
avoid  the  cylinder  being  placed  directly  over  the  shaft,  it  is  placed 
some  distance  back  and  bell-cranks  introduced  between  the  piston 
and  the  pump-rods.     In  this  way  the   space   in   the   shaft   is   not 

encroached  upon  to  the  same  extent,  and  less  eipensive  foundations 


Sometimes  these  engines  are  worked  on  the  compound  condensing 
principle,  with  high-  and  low-pressure  cylinders.  The  steam  is  regu- 
lated in  the  same  way  as  in  the  Davey  engine,  hy  an  auxiliary  piston 
and  tappet  valves,  and  is  not  permitted  to  act  hy  expansion  alone, 
but  by  wire-drawing  to  a  considerable  extent. 

Corninh  Engine. — This  is  one  of  the  oldest  of  pumping  engines, 
the  type  having  been  first  devised  by  Watt,  and  such  engines  are  still 
used  to  a  considerable  extent  for  pumping  iti  mines  (fig,  389).  The 
Cornish  engine  is  generally  worked  as  a  single  acting,  high-pressure 
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condensing  engine.  It  consists  of  a  vertical  cylinder,  having  the 
piston-rod  connected  to  one  end  of  a  large  *  walking '  beam,  and  the 
pump-rods  to  the  other  end.  The  beam  usually  works  on  a  fulcrum 
near  its  centre,  thus  causing  the  stroke  of  the  engine  to  be  somewhat 
longer  than  that  of  the  pumps,  and  the  flow  of  water  in  the  pipes  is 
therefore  less  than  the  speed  of  the  steam  piston,  in  order  to  lessen 
the  shock  of  the  water  in  the  pipes  on  the  sudden  closing  of  the 
valves  at  the  reversal  of  the  stroke.  In  the  working  of  the  engine 
steam  is  admitted  at  the  top  of  the  cylinder,  this  causing  the  piston 
to  make  its  down  stroke.  The  steam  is  then  cut  off  and  an  equi- 
librium valve  opened  by  means  of  a  tappet-rod,  which  allows  the 
steam  to  pass  to  the  under  side  of  the  piston,  thus  equalising  the 
pressure  and  causing  a  pause  in  the  movement.  The  weight  of  the 
rods  alone  is  sufficient  to  cause  the  down  stroke  and  force  the  water 
up.  The  steam  is  then  exhausted  into  the  condenser,  where  a 
vacuum  is  formed  by  the  air-pump.  This  process  is  repeated  at  each 
stroke.  The  engines  are  best  suited  for  slow  speeds  and  long  strokes. 
They  are  very  expensive  at  first,  but  once  set  up  they  give  little 
trouble,  require  little  repair,  and  give  a  high  efficiency. 

Barclay  Engine, — This  is  another  well-known  type  of  the  beam 
pumping  engine,  which  is  much  used  for  dealing  with  large  quantities 
of  water.  In  construction  it  is  a  modification  of  the  Cornish  engine. 
It  consists  of  a  single  steam  cylinder  placed  vertically,  the  piston  rod 
being  connected  to  the  overhead  beam.  To  one  end  of  the  beam  the 
pump-rods  are  connected,  while  the  other  end  works  on  a  fulcrum 
which  takes  the  form  of  a  rocking  pillar.  Near  to  the  centre  of  the 
beam  a  rod  connection  is  attached  for  working  the  air  pump  and 
condenser  hotrwell.  This  type  of  engine,  like  the  Cornish,  is  best 
suited  for  large  quantities  of  water  and  where  a  long  stroke  can  be 
adopted.  Owing  to  the  arrangement  of  the  beam  the  stroke  of  the 
engine  is  less  than  that  of  the  pumps :  for  instance,  the  piston  stroke 
may  be  8  ft.,  while  the  pump  stroke  may  be  10  ft.  Engines  of 
this  type  are  made  with  cylinders  50  to  100  in.  diameter  and  8 
to  12  ft.  stroke,  moving  at  two  to  four  strokes  per  minute. 

Another  type  of  engine  much  used  for  pumping  in  the  Fifeshire 
coal-field,  where  large  quantities  of  water  are  met  with,  is  one  in  which 
a  pair  of  cylinders,  high-  and  low-pressure,  working  compound  and 
condensing,  are  placed  vertically  directly  over  the  shaft,  the  piston 
rods  of  the  cylinders  being  connected  direct  to  the  ends  of  the  bell- 
cranks  which  operate  the  pump  rods.  These  engines  are  well  suited 
for  raising  large  quantities  of  water,  1000  to  1500  gallons  per 
minute,  from  depths  of  150  to  250  fms.  At  the  present  time  a 
plant  of  this  type,  with  cylinders  58  and  100  in.  respectively,  is 
being  put  down  to  raise  1200  gallons  from  an  expected  depth  of  350 
fms.  The  objections  to  this  type  of  pumping  engine,  like  the 
Bull  engine,  are  that  the  cylinders  are  plaiiced  directly  over  the  shaft, 
and  they  take  up  a  great  deal  of  space,  necessitating  the.  sinking  of 
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a  very  large  shaft,  or  devoting  a  shaft  entirely  to  pumping.  They 
are  best  suited  for  large  rectangular  shafts  where  the  necessary  space 
can  be  set  apart  for  them  at  one  end  of  the  shaft. 

Wherever  large  pumping  engines  of  the  types  just  described  are 
employed  it  is  almost  imperative  that  a  duplicate  plant  be  installed 
to  deal  with  the  water  in  the  event  of  any  serious  breakdown. 
This  duplicate  plant  may  consist  of  a  direct-acting  piunping  engine, 
such  as  the  Riedler  pump,  placed  underground  at  the  bottom  of  the 
shaft  to  force  the  water  direct  to  the  surface. 

Himzontal  Pumping  Enginee. — ^A  typical  pumping  plant  of  this 
description  is  at  work  at  Boghead  Colliery,  Bathgate,  N.B.  The  plant 
is  designed  to  deal  with  500  gallons  per  minute  from  a  depth  of  160 
fms.  It  consists  of  high-  and  low-pressure  cylinders  placed 
tandem   (fig.  390)  38   in.   and   76   in.    diameter   respectively,  each 
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Fio.  390. — Direct-acting  horizontal  pumping  engine. 


cylinder  having  a  stroke  of  9  ft.  The  piston-rod  of  the  low-pressure 
cylinder  is  continued  forward  and  connected  to  the  bell-cranks, 
while  the  piston-rod  of  the  high-pressure  cylinder  is  continued  back- 
wards to  the  condenser  and  air-pump.  In  this  case  no  fly-wheel  is 
used.  The  pumps  are  worked  by  a  double  set  of  rods  attached  to 
the  bell-cranks  at  the  surface,  each  set  of  rods  working  two  plunger 
and  one  bucket  lift  at  three  different  stages  in  the  shaft.  At  the  top 
and  mid  lifts  the  offsets  are  made  by  means  of  cross-heads  bolted  to 
the  rods  and  connected  to  each  other  by  iron  side  rods  far  enough 
apart  to  clear  the  pumps.     The  details   of    the    pumps    are    as 

follows : — 

Two  bucket  lifts  at  pit-bottom,  160  fms.  from  surface,  each  set 
14i  in.  diameter,  lifting  30  fms. ;  two  plunger  lifts  at  130  fms.  each 
191  in.  diameter,  lifting  56  fms.;  two  plunger  lifts,  each   20   in. 

^  21 
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diameter,  at  74  fms.,  lifting  to  the  surface.  The  sizes  of  pump-rods 
for  the  various  lifts  are: — bottom  bucket  lifts,  rods  6  in.  square; 
second  lift,  rods  12  in.  square ;  top  lift,  rods  14  in.  square;  the  iron 
strapping  plates  at  the  joints  for  these  two  latter  are  11  x  f  in.  x  17 
ft.  The  available  steam  pressure  is  90  to  100  lbs.  per  square  inch, 
plus  12  J  lbs.  vacuum  from  condenser. 

A  good  type  of  pumping  engine  is  one  in  which  high-  and  low- 
pressure  cylinders  are  used.  The  connecting  rods  to  the  bell-cranks 
are  in  a  direct  line  and  form  a  continuation  of  the  piston-rod.  A 
back  piston-rod  works  a  fly-wheel  wliich  imparts  steady  motion  to 
the  engine.  This  class  of  engine  has  much  to  recommend  it  for 
pumping  purposes,  as  it  works  very  smoothly,  and  can  be  easily 
regulated  to  any  required  speed. 

Geared  pumptng-engines  are  very  largely  used  for  pumping  water 
at  collieries,  and,  as  has  already  been  pointed  out,  are  peculiarly 
fitted  for  such  work,  and  have  many  advantages  to  recommend  them. 
They  may  be  constructed  either  with  one,  two,  or  four  cylinders,  and 
may  be  condensing  and  compound.  The  gearing  can  be  altered  to 
suit  any  speed  and  any  size  of  pump.  This  easy  adaptability  to 
work  under  varying  conditions  makes  these  engines  very  suitable  for 
mining,  and  gives  them  many  advantages  over  the  larger  types  of 
vertical  engines.  An  engine  constructed  in  this  way  gives  a  high 
efficiency  and  a  small  consumption  of  steam,  and  works  very 
smoothly  at  almost  any  reasonable  speed.  Fig.  391  shows  the 
arrangement  of  a  geared  engine  w^ith  low-  and  high-pressure 
cylinders,  as  used  at  the  Priory  Colliery,  Blantyre,  where  the 
water  has  to  be  raised  from  a  depth  of  over  200  fms.  The  high- 
pressure  cylinder  is  20  in.  diameter,  and  the  low-pressure  cylinder 
34  in.  diameter,  with  5  ft.  stroke  geared  to  about  2^  to  1.  The 
cylinders  are  steam-jacketed,  and  work  with  a  very  small  consump- 
tion of  steam.  They  can  be  regulated  to  any  speed,  as  low  as  1^ 
strokes  being  attainable. 

At  Holm  Colliery,  Kilmarnock,  the  pumping  engine  is  constructed 
with  quadruple  cylinders,  two  high-pressure  and  two  low-pressure 
ones  being  supplied.  The  high-pressure  cylinders  are  16|  in.  and 
15 J  in.  diameter  respectively,  while  the  low-pressure  cylinders  are 
24J  in.  and  26  in.  diameter  respectively,  the  stroke  being  3|  ft. 
and  the  gearing  5^  to  1.  The  water  is  raised  the  first  68  fms.  by 
two  rams  15  in.  diameter  and  5  ft.  stroke,  the  lower  lift  of  13  fms. 
being  two  buckets  10  in.  diameter  and  5  ft.  stroke.  The  speed 
is  five  strokes  per  minute,  and  the  water  raised  420  gallons  per 
minute. 

Direct-acting  Steam  Pumps  Underground, — Direct-acting  pumping 
engines  placed  underground  are  very  largely  superseding  surface 
engines  with  heavy  pump-rods  working  in  the  shaft.  The  greater 
simplicity  of  construction  and  cheapness  combined,  make  them  desir- 
able for  pumping  purposes,  and  although,  as  a   rule,  they  require 


much  fue),  this  is  compensated  for  in  other  ways.  These  engines  are 
nearly  always  double-acting,  and  are  directly  coupled  to  the  pump. 
They  may  also  be  made  to  work  geared,  but  this  arrangement  is  not 
so  much  employed  underground  as  the  directacting. 

Double-acting  pumps  have  generally  a  comparatively  short  stroke, 
with  very  much  smaller  masses  to  move  them  than  pumps  actuated 


Fro.  391. — Qeared  [lumping  engiae. 

from  the  surface  with  rods,  and  they  can  therefore  be  driven  at  much 
greater  speeds. 

The  higher  speeds  at  which  they  can  be  driven,  combined  with 
their  smaller  size,  are  the  main  features  which  commend  this  class  of 
pumps  for  use  underground.  Direct-driven  steam  pumps  are  now 
used  for  heads  of  water  varying  from  200  to  1800  ft. 

Where  engines  are  placed  underground,  a  large  lodgment,  sufficient 
for,  at  least,  a  week's  water,  ought  to  be  provided,  to  give  time  for 
repairs  on  the  engine  should  they  be  Qccessary.     With  engines  placed 
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imderground,  the  following  are  some  of  the  main  advantages  to  be 
gained  : — 

The  necessity  for  heavy  pum^-rods,  which  are  expensive  at  first  cost  and 

for  upkeep,  is  done  awav  with. 
As  no  pump-rods  are  required,  less  shaft  space  is  occupied. 
The  en^nes  can  be  worked  at  high  speeds,  as  there  are  no  heavy  rods  to 

put  in  motion  at  the  commencement  of  each  stroke,  and  the  work  is 

evenly  distributed. 
The  flow  of  water  being  continuous,  smaller  pipes  can  be  used  in  the 

shaft. 

On  the  other  hand,  there  are  the  following  disadvantages  to  be 
kept  in  view  : — 

Steam  must  be  taken  underground  or  boilers  fitted  up  in  the  workings, 

both  of  which  methods  are  more  or  less  objectionable ;   especially  the 

latter. 
The  engine  is  liable  to  be  drowned  by  a  sudden  inflow  of  water  (the  same, 

however,  may  be  said  of  any  other  type  of  pump  operated  from  the 

surface). 
Loss  of  steam  by  condensation  and  difficulty  of  dealing  with  the  exhaust 

steam. 
Increase  in  temperature  of  air  if  placed  near  the  intake,  and  consequently 

injurious  eflects  from  the  moisture  to  the  roof  and  timber  of  roadways. 
The  use  of  steam  in  confined  places  is  attended  with  danger. 

Piston  Pumps, — This  type  is  largely  used  for  direct-acting  pumps 
working  underground  without  rods,  and  is  invariably  double-acting. 


Fio.  392. — Piston  pump. 

The  working  of  the  pump  will  be  understood  from  fig.  392.  A  piston 
a  works  in  the  barrel  6,  to  which  are  four  openings  fitted  with 
valves,  two  receiving  and  two  discharge.  The  action  of  the  pump  is 
as  follows  : — When  the  piston  moves  outward,  the  clacks  or  valves  e 
and  e  will,  supposing  the  pump  is  full  of  water,  be  open,  water  being 
received  through  the  valve  c  and  discharged  through  the  valve  e. 
On  the  return  or  inward  stroke  the  valve  d  will  be  open,  receiving 
water,  and  the  valve  /  open  discharging,  so  that  there  is  a  continued 
flow  of  water  during  both  strokes. 

There  are  so  many  steam  pumps  in  the  market,  all  equally  suitable 
for  underground  work,  that  it  is  difficult  to   select  any  particular 
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make  for  detailed  description.  The  general  principle  of  a  double-acting 
steam  pump  will  be  seen  from  fig.  393,  in  which  the  steam  cylinder 
is  connected  direct  to,  and  is  in  line  with,  the  double-acting  piston 
pump,  provided  with  an  air  vessel  on  the  delivery  column. 


Delivery 
Column 


le/ivery 
Valve 

Suction 
Valve 


Fio.  893. — Double-acting  steam  pump. 

Worthington  Pump, — This  is  a  well-known  type  of  direct-acting 
steam  pump  for  underground  work.  It  consists  of  a  steam  cylinder 
with  piston  (A,  fig.  394),  the  piston-rod  of  which  is  continued  and 


i  lo.  894. — Worthington  steam  pump. 

directly  connected  to  a  double-acting  plunger  B,  in  the  water  cylinder 
or  pump.  The  steam  is  admitted  to  the  cylinder  by  an  ordinary  slide 
valve  E,  working  upon  a  flat  face  over  the  port-holes.  The  valve 
receives  its  motion  from  a  vibrating  arm  F,  which  swings  through 
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the  whole  length  of  the  stroke,  with  long  and  easy  leverage.  As  the 
moving  parts  are  always  in  contact,  the  blow  inseparable  from  the 
tappet  system  is  avoided.  The  double-acting  plunger  B  works  through 
a  deep  metallic  packing  ring,  bored  to  an  accurate  fit.  Both  the  ring 
and  the  plunger  can  be  quickly  taken  out,  and  either  refitted  or  ex- 
changed for  new  ones ;  and  if  it  is  desired  at  any  time  to  change  the 
proportions  between  the  steam  pistons  and  pumps,  a  plunger  of 
smaller  or  larger  diameter  can  be  readily  substituted.  The  water 
enters  the  pump  from  the  suction  chamber  C,  through  the  suction 
valves,  then  passes  partly  around  and  partly  by  the  end  of  the  plunger, 
through  the  force  valves,  nearly  in  a  straight  course,  into  the  delivery 
chamber  D.  The  valves  usually  consist  of  small  discs  of  rubber  or 
other  suitable  material.  The  plunger  is  located  some  inches  above 
the  suction  valves,  to  form  a  settling  chamber,  into  which  any  foreign 
substances  may  fall  below  the  wearing  surfaces.  Two  steam  cylinders 
and  two  pumps  are  usually  cast  together  to  form  one  machine.  The 
right-hand  division  moves  the  steam  valve  of  the  left  hand  one,  and 
vice  versd ;  under  this  arrangement  one  pump  takes  up  the  motion 
when  the  other  is  about  to  lay  it  down,  thus  keeping  up  a  uniform 
delivery  of  water. 

Eiedler's  Pump, — The  main  feature  in  this  pump  is  that  the  valves 
are  aided  in  their  movements  by  mechanical  means,  and  so  nearly 
perfect  action  is  secured.  The  valves  are  constructed  so  as  to  open 
freely  without  any  mechanical  aid,  but  a  little  before  the  time  when 
they  should  close  entirely,  when  the  velocity  of  the  water  is  con- 
siderably reduced  so  that  a  partial  closing  will  offer  no  appreciable 
obstruction,  a  lever  or  rod  operated  by  valve  gear  from  the  crank- 
shaft moves  forward  and  closes  the  valve ;  the  arm  then  recedes  and 
removes  the  pressure  from  the  valves  before  the  time  for  opening 
arrives.  The  valve  gear  is  constructed  in  various  ways,  and  may  be 
operated  by  levers,  cams,  or  eccentrics.  Fig.  395  shows  the  main 
outlines  of  the  pump.  These  pumps  are  driven  direct,  and  although 
they  cannot  be  driven  at  such  high  speeds  as  some  other  types  of 
steam  pumps,  they  can  be  worked  very  successfully  for  very  high  lifts 
up  to  2000  ft.,  and  pump  600  to  800  gallons  of  water  per  minute. 
A  Riedler  pump  has  recently  been  installed  as  a  duplicate  to  the 
large  pumping  engine  on  the  surface  at  the  Aitken  Pit,  Kelty,  Fife, 
to  deal  with  1500  gallons  per  minute  against  a  head  of  over  1200  ft. 

Davey^s  Differ fntidl  Engine. — This  engine  is  also  largely  used  for 
pumping  purposes.  The  main  requirements  to  be  satisfied  in  a  good 
pumping-engine  are  economy  in  consumption  of  fuel,  safety  in  working, 
and  immunity  from  stoppages. 

The  distribution  of  steam  should  be  effected  in'  such  a  way  as  to 
cause  no  shock  or  slip  in  the  pumps  ;  and  in  the  event  of  a  sudden 
casing  of  the  lotid,  the  engine  should  be  safe ;  in  short,  it  should  be 
self-governing  under  extreme  variations  of  conditions.  To  secure 
this,  the  Davey  Differential  Valve  Gear,  which  admits  steam  to  the 
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engine  in  proptortiou  to  the  resistfince  to  he  overcome,  and,  in  case  of  a 
sudden  total  loes  of  load,  reverees  the  steam  to  catch  the  piston,  was 
designed. 


The  action  of  the  gear  will  be  nndcrstood  from  fig.  396 
The  main  Blide  valve  U  is  actuated  by  the  piston-rod  through  a 
lever  H  working  on  a  fixed  centre,  which  reduces  the  motion  to  the 
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required  extent  and  reverses  its  direction.  The  valve  spindle  is  not 
coupled  direct  to  this  lever  H,  but  to  an  intermediate  one,  L,  which 
is  jointed  to  the  first  lever  at  one  end  ;  and  the  other,  M,  is  jointed 
to  the  piston-rod  of  a  small  subsidiary  steam  cylinder  J,  which  has  a 
motion  independent  of  the  engine  cylinder ;  the  slide  valve  I  being 
actuated  by  a  third  lever  N,  coupled  at  one  end  to  the  intermediate 
lever  L,  and  moving  at  a  fixed  centre  P  at  the  other  end. 

The  motion  of  the  piston  in  the  subsidiary  cylinder  J  is  con- 
trolled by  a  cataract  cylinder  K  on  the  same  piston-rod,  by  which 
the  motion  of  this  piston  is  made  uniform  throughout  the  stroke, 
and  the  regulating  plug  Q  can  be  adjusted  to  give  any  desired  time 
for  the  stroke.  The  intermediate  lever  L  has  not  any  fixed  centre 
of  motion,  its  outer  end  M  being  jointed  to  the  piston-rod  of  the 
subsidiary  cylinder  J  ;  the  main  valve  a  consequently  receives  a 
differential  motion  compounded  of  the  separate  motions  given  to  the 
two  ends  of  the  lever  c.  Thus  the  cut-off  can  be  suited  to  different 
loads  which  may  be  on  the  engine. 

Riedler  Differential  Pump. — ^A  differential  pump  is  practically  a 
double-acting  pump  with  only  two  valves.  By  an  arrangement  of 
the  parts,  an  equal  amomit  of  work  can  be  done  on  each  side  of  the 
steam  piston  during  one  revolution.  In  a  double-acting  pump  four 
valves  are  required,  viz.,  one  suction  and  one  discharge  valve  for 
each  end  of  the  double-acting  plunger.  A  differential  pump  has  the 
advantage  of  always  being  primed,  as  will  be  seen  by  referring  to 
fig.  397,  where  the  column  pipes  D,  the  discharge  space  C,  and  the 
differential  plunger  chamber  are  always  in  connection.  Thus  the 
total  pressure  due  to  the  water  column  is  always  on  the  differential 
plunger  H.  In  other  words,  as  long  as  there  is  water  in  the  pipe, 
the  pumping  engine  will  always  have  resistance  to  overcome,  even 
should  suction  be  deficient.  The  arrangement,  therefore,  prevents 
undue  severe  hydraulic  stresses  on  the  different  parts. 

As  it  has  only  half  the  number  of  valves,  this  form  of  pump  is 
simpler  than  the  double-acting  pump,  and  is  used,  in  all  cases,  until 
the  capacity  becomes  too  great,  so  that  the  valves  are  cumbersome. 
When  this  condition  obtains,  it  is  better  to  use  a  double-acting 
pump  instead,  which  would  be  half  the  size  of  a  differential  pump 
of  the  same  capacity. 

In  working,  the  water  enters  the  suction  pipe  A,  passes  into  the 
suction  air-chamber,  and  thence  into  the  suction  funnel  B.  When 
the  main  plunger  J  moves  towards  the  steam  cylinder,  it  draws  in 
its  displacement  of  water  through  the  suction  valve  £,  and  on  its 
return  stroke,  the  suction  valve  having  been  mechanically  closed,  it 
forces  a  volume  of  water  equal  to  its  own  bulk  through  the  discharge 
valve  F,  half  of  this  water  passing  out  into  the  main  pipe  D,  the 
other  half  passing  down  and  following  the  differential  plunger  H. 
The  discharge  valve  F  being  now  closed,  the  main  and  differential 
plungers,  which  are  connected  by  means  of  side  rods,  again  move 
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towards  the  engine,  the  main  plunger  drawing  the  water  through 
the  suction  valve  as  before  (E),  the  differential  plunger  thus  dis- 
placiug  a  bod;  of  water  equal  iu  bulk  to  its  displacement,  and  forcing 
it  through  the  discharge  pipe  C  into  the  main  D. 


The  cross-sectional  areas  of  the  main  and  differential  plungeiB  are 
generally  made  in  the  proportion  of  about  two  to  one,  so  as  to 
equalise  the  work  done,  as  is  the  case  in  a  double-acting  pump.  The 
rods  G  are  the  side  rods  connecting  the  cross-heada  of  the  main  and 
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differential  plungers,  these  rods  being  always  in  tension.  In  front 
of  C,  and  connecting  to  the  main  pipe  D,  is  a.  clack  valve  (shown 
open).  The  valve  is  for  the  purpose  of  preventing  the  water  in  the 
pipe  from  running  out  when  it  is  desired  to  remove  the  valves  or 
examine  the  interior  parts  of  the  pump.  This  valve  is  kept  open 
when  the  pump  is  working,  but  can  be  shut  when  required  by  means 
of  levers  on  the  outside  of  the  clack  chamber. 


Water    ==^^^ 


L-Jl.L ^. 

G    H 

Fia.  398.— Moore's  hydraulic  pump. 

Moor^s  Hydraulic  Pump, — In  this  pump  no  rods  are  used,  two 
columns  of  water  being  substituted  for  the  ordinary  solid  rods  con- 
necting the  steam  engine  to  the  pump.  The  action  of  the  pump  will 
be  understood  from  fig.  398.  On  the  surface  is  a  cylinder  A  B,  in 
which  travels  a  piston  P,  driven  by  the  tumbling  crank  of  a  steam 
engine.  Underground  there  is  another  cylinder  C  D,  exactly  similar 
to  the  first.  The  piston  Q,  which  travels  in  it,  is  connected  to  an 
ordinary  double-acting  pump.     There  are  pipes  F  from  the  ends  A 
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of  the  first  cylinder  A  B  to  the  end  D  of  the  second  C  D,  and 
another,  E^  from  the  end  B  to  the  end  C.  The  pipes  and  the  cylinders 
are  both  kept  full  of  water.  When  the  surface  piston  makes  its 
first  stroke,  the  water  is  forced  out  of  one  end  of  the  cylinder  through 
the  pipe  to  the  corresponding  end  of  the  cylinder  imderground,  and 
the  piston  is  then  driven  back  from  C  to  D.  When  the  stroke  on 
the  surface  is  reversed,  the  piston  underground  is  forced  in  the  opposite 
direction,  and  the  motion  is  thus  transferred  from  the  engine  on  the 
surface  to  the  pump  underground,  in  the  same  way  as  would  have 
been  done  had  there  been  two  rods  instead  of  two  columns  of  water. 
Should  there  be  any  leakage  in  one  of  these  pipes,  the  plunger  at 
the  bottom  would  make  a  shorter  stroke  in  the  one  direction  than 
in  the  other,  and  would  work  towards  the  end,  and  unless  there 
was  some  regulator,  would  knock  the  end  of  the  pump  off.  This 
is  obviated  by  having  valves  work  by  tappets,  set  at  such  a  distance 
that,  when  the  stroke  is  completed,  they  are  opened,  and  the  water 
allowed  to  pass  from  one  pipe  to  the  other,  thus  adjusting  the  stroke 
of  the  rams. 

Curves  based  on  the  work  done  by  one  of  these  pumps  10  in.  dia- 
meter, showed  an  efficiency  of  66*26  per  cent.  The  energy  lost  in 
the  friction  of  the  engine  gearing  and  surface  power  rams  was  10*24 
per  cent. ;  in  transmitting  the  power  through  the  pipes  14*36  per 
cent.,  and  in  the  friction  of  the  underground  rams  9*12  per  cent. 
These  figures  compare  favourably  with  the  efficiency  of  pumps 
operated  by  electricity  or  compressed  air. 

This  hydraulic  pump  can  work  with  a  column  of  water  of  150 
fms.  or  less,  but  more  satisfactory  results  are  got  when  the 
column  is  between  40  to  80  fms.  When  it  is  too  great,  much 
trouble  may  ensue,  and  the  pipe  joints  become  very  difficult  tx)  keep 
tight,  while  the  pipes  themselves  are  apt  to  burst,  especially  at  bends. 
Again,  at  long  distances  (say  over  a  mile  underground)  these  pumps 
do  not  work  satisfactorily,  and  in  such  cases  it  is  better  to  employ 
either  electricity  or  compressed  air  as  a  motive  force. 

Kaselowskf/  Pump, — With  this  pump  a  combination  of  hydraulic 
pressure  and  compressed  air  is  used.  The  system  includes  at  the 
surface:  (1)  a  steam  engine  M  (fig.  399)  operating  the  w^ater- 
compression  pumps  P  and  the  air-compressor  C,  the  latter  furnishing 
the  air  for  the  pressure  regulator  R.  Underground  the  plant  con- 
sists of :  (a)  an  hydraulic  motor  K,  of  a  special  form,  operating  the 
lifting  pumps  G ;  (6)  two  pressure  regulators,  R^  and  R^,  for  the  water 
pipes. 

In  the  shaft :  (a)  The  pipe  1,  conducting  the  water  to  the  pumps , 
(b)  the  pipe  2,  carrying  the  water  discharged  or  exhausted  from  the 
pump ;  (c)  the  pipe  3,  carrying  compressed  air  to  the  regulators ;  (d) 
the  pipe  4,  for  the  water  lifted  or  discharged  from  the  mine.  The 
water  operating  the  pumps  passes  from  the  pump  P,  through  the 
accumulator  A,  which  regulates  the  pressure  through  the  pipe  1  to 
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tbe  motor  K  at  the  bottom  of  the  shaft.  After  performing  the 
work  it  ia  returned  to  the  surface  through  the  pipe  2  on  which  is 
the  regulator  R',  and  is  discharged  into  the  reservoir  S,  from  vhich 
the  pump  F'  is  supplied.  The  regulator,  as  shown,  is  formed  of 
two  cylinders,  Cj  and  C^,  in  which  are  two  pistons,  P.  and  Pj,  of  such 
diameters  that  the  ratio  between  them  ia  1  :  10.  The  water  acting 
on  P,  with  a  pressure,  aay,  of  200  atmospheres  (3000  lbs.  per  sq. 
in.)  is  counterbalanced  by  a  compressed  air  pressure  at  25  atmos- 
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pheres  (375  lbs.  per  sq.  in.)  or  Pj.  The  piston  is  a  hollow  cylinder 
of  phosphor  bronze.  The  water  piston  Fj  has  a  small  cavity  a, 
which  permits  the  escape  of  water  in  case  the  pressure  rises  too  high 
and  causes  the  piston  Pj  to  rise  too  high.  Several  pumping  plants 
on  this  system  have  been  installed  at  collieries  in  Germany,  where 
they  have  given  a  useful  effect  of  69  to  76  per  cent.  The  principal 
advantages  of  this  method  are  the  small  size  of  the  different  parts, 
both  6zed  and  moving,  and  the  ability  of  the  pump  to  work  when 
submerged,  which  is  impossible  with  steani.  On  the  other  hand,  it 
is  rather  an  expensive  system  of  pumping. 
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PnlBometeT  Pmnp. — The  Pulsoraeter  is  very  largely  used  for 
pumpiDg  water  under  various  coDditioos,  particularly  when  the  lift  is 
atnall.  It  will  work  best,  and  give  the  greatest  efficiency,  when  the 
height  to  which  the  water  ia  to  be  raised  is  between  30  and  50  ft. 
It  is  very  suitable  for  drainage  of  dip  workings,  or  sinking  shafts,  or 
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for  raising  water  from  settling  ponds  to  coal-washing  machines,  as  it 
can  work  fairly  well  with  dirty  or  gritty  water.  The  pulsometer  is 
entirely  different  in  construction  from  an  ordinary  steam  pump,  inas- 
much as  it  has  no  eteam  cylinder,  piston,  piston-rod,  or  bucket.  Its 
oonstruction  may  be  understood  from  the  accompanying  illustration 
in  fig.  400. 
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The  body  consists  of  a  casting  shaped  somewhat  like  a  pear,  and 
divided  into  two  chambers  A  A  joined  side  by  side,  and  with  tapering 
necks  bent  towards  each  other,  surmounted  by  another  casting  called 
the  neck  J,  accurately  fitted  and  bolted  to  it,  in  which  the  two 
passages  tenninate  in  a  common  chamber,  wherein  is  fitted  the  ball- 
valve  I,  which  can  oscillate  between  seats  formed  at  the  junction  of 
the  neck.  Downwards,  the  chambers  A  A  are  connected  with  the 
suction  passage  C,  wherein  the  inlet  or  suction  valves  E  E  are 
arranged.  A  discharge  chamber,  common  to  both  chambers,  and 
leading  to  the  discharge  pipe,  is  also  provided,  and  this  also  contains 
one  or  two  valves  F  F,  according  to  the  purpose  for  which  the  pump 
is  required.  The  air-chamber  B  communicates  with  the  suction. 
The  suction  and  discharge  chambers  are  closed  by  covers  H  H, 
accurately  fitted  to  the  outlets.  These  can  be  readily  removed  when 
access  to  the  valves  is  required. 

StaHing  the  Pulsometer, — To  set  it  at  work,  the  pump  is  filled  with 
water,  either  by  pouring  water  through  the  plug-hole  in  the  chamber, 
or  by  drawing  the  discharge.  Steam  being  admitted  through  the 
pipe  K,  by  opening  the  stop-valve  to  a  small  extent,  it  passes  down 
that  side  of  the  neck  which  is  left  open  to  it  by  the  position  of  the 
ball,  and  presses  upon  the  small  surface  of  water  in  the  chamber 
which  is  exposed  to  it,  depressing  it  without  agitation,  and  con- 
sequently with  very  little  condensation,  and  driving  it  through  the 
discharge  opening  and  valve  into  the  rising  main. 

The  moment  that  the  level  of  the  water  is  low  enough  to  uncover 
the  horizontal  orifice  which  leads  to  the  discharge,  the  steam  blows 
through  with  a  certain  amount  of  violence,  and  being  brought  into 
intimate  contact  with  the  water  in  the  pipes  leading  to  the  discharge 
chamber,  instantaneous  coiulemation  takes  place^  and  a  vacuum  is  in 
consequence  so  rapidly  formed  in  the  newly  emptied  chamber  that 
the  steam  ball  is  pulled  over  into  the  seat  opposite  to  that  which  it 
occupied  during  the  emptying  of  the  chamber,  closing  its  upper  orifice 
and  preventing  the  further  admission  of  steam,  and  making  the 
vacuum  complete  until  water  rushes  in,  as  it  does  immediately 
through  the  suction  pipe,  lifting  the  inlet  valve  E  and  rapidly  filling 
the  chamber  A  again. 

The  condition  of  things  is  now  exactly  in  the  same  state  in  the 
second  chamber  as  it  was  in  the  first,  and  similar  effects  are  therefore 
obtained. 

Small  air-cocks  are  screwed  into  the  cylinders  and  air-chambers, 
to  prevent  the  too  rapid  filling  of  the  chambers  on  low  lifts.  While 
the  pulsometer  is  admittedly  a  handy  and  useful  pump  under  various 
conditions,  it  has  the  drawback  that  it  consumes  a  large  amount  of 
steam  for  the  work  done,  compared  with  direct-acting  steam  pumps. 
For  instance,  a  pulsometer  raising  100  gallons  of  water  per  minute, 
to  a  height  of  only  2625  ft.,  required  29*7  lbs.  of  coal  per  H.P.  per 
hour,  which  is  a  very  large  consumption,  considering  the  conditions. 
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A  good  deal  of  diffioulty  is  also  sometimes  experienced  with  the 
steam  ball  valve  getting  worn  flat  in  some  places  and  sticking. 

Centrifugal  PumpB. — Centrifugal  pumps  have  been  long  uaed  as 
blowers  for  air  in  forges  and  furnaces,  and  are  now  largely  used  for 
raising  water  to  moderate   elevations.      They  are  particularly  well 

adapted  for  disposing  of  dirty 
gritty  wat«r,  stich  as  the  dis- 
charge water  from  coal-washing 
machines,  or  where  the  water  from 
machines  has  to  be  used  over 
again,  providing  the  height  be 
not  too  great.  They  will  work 
under  such  conditions  much  more 
efficiently  than  pulsometers.  The 
constniction  of  the  pump  will  be 
understood  from  fig.  401.  Inside 
a  flat  casing  of  approximately 
circular  outline  are  the  paddles 
or  blades,  which  extend  from  near 
the  centre  outwards  to  the  cir- 
cumference, and  are  usually 
curved  backwards.  The  water 
between  the  blades  tends,  in 
virtue  of  the  centrifugal  force, 
to  move  outwards,  and  is  allowed 
to  pass  off  through  a  large  dis- 
charge orifice  tangential  to  the 
circle  described  by  the  paddles. 
The  height  to  which  water  can 
be  raised,  if  there  is  no  loss,  by 
centrifugal   pumps,   may   be    ex- 

pressed  by  the  formula  7i  =  —  j 
in   practice,   however,    //    is   only 
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equal  to  about  J  ^  •    The  velocity  of  the  blades  is  usually  taken 

at  N  =10^/1. 

Centrifugal  pumps,  to  work  well,  must  have  a  very  short  suction 
pipe,  or,  what  is  better,  have  the  water  flowing  into  them,  or  be 
submerged  altogether  in  the  water  to  be  raised. 

If  not  submerged,  they  ought  to  be  primed  with  water  before 
being  started,  otherwise,  in  driving  the  air  out  of  them,  they  simply 
act  as  a  blower. 

With  the  type  of  centrifugal  pump  just  described  only  a  very 
limited  head  could  be  dealt  with,  50  to  100  ft.,  and  even  with  this 
a  low  efficiency  was  generally  the  result.  The  problem  was  to  get  a 
centrifugal  pump  that  would  pump  water  against  a  head  of  a  greater 
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height  than    100  ft.,   say   500   to  1000   ft.      This  has  now   been 
accomplished  by  running  centrifugal  pumps  in  series.     Thus  if  an 
ordinary  single  pump  can  deliver   water   against  a  head  of  40  ft., 
the  addition  of  another  chamber  will  give  a  final  delivery  of  80  ft., 
while  three  chambers  will  enable  the  pump  to  discharge  the  same 
quantity  of  water  against  a  head  of  120  ft.      In   collieries   where 
frequently  large  quantities  of  water,  often  dirty  and  gritty,  have 
to  be  dealt  with,  such  pumps  are  of  great  utility.    The  writer  recently 
saw  centrifugal  pumps,  of  the  Gywnne  type,  dealing  with  500  to 
600  gallons  of  w^ater  per  minute  against  a  head  of  nearly  300  ft., 
and   they   gave  very  little   trouble.      Messrs   Mather  <fe   Piatt,   of 
Manchester,  have  recently  introduced  a  high-lift  centrifugal  pump, 
capable  of  discharging   water  against  a  head  varying  from  250  to 
500  ft. ;  several  of  these  pumps  being  at  work  in  Scotch  collieries. 
This  machine  (fig.  402)  is  known  as  the  '  Patent  High-Lift  Turbine 
Pump,'  and  its  main  feature  is  that  it  consists  of  one  or  more  sets  of 
vanes,  or  impellers,  each  set  running  in  its  own  chamber,  but  upon  a 
common  shaft,  the  delivery  pressure  of  the  water  varying  directly  as 
the  number  of  chambers  used.     In  Mather  k  Piatt's  patent  centri- 
fugal pump  the  water  enters  the  revolving  wheel  axially,  traverses 
the  curved  internal  passages  between  the  vanes,  and  is  discharged 
tangentially  at  the  periphery  into  a  guide  ring  of  special  construction  ; 
this  conveys  it  to  the  annular  chamber  in  the  body  of  the  pump, 
where  the  velocity  head  imparted  to  the   water  by  the  wheel   is 
converted  into  pressure  head.    From  this  chamber  the  water  is  finally 
discharged  into  the  delivery  pipes,  or,  if  the  pump  be  a  multiple  one, 
into  the  second  and  subsequent  chambers.     A  special  feature  of  this 
pump  is  the  provision  of  the  stationary  guide  ring  mentioned  above ; 
this  is  fixed  concentric  with  the  revolving  vanes,  and,  owing  to  its 
design,  enables  the  conversion  of  velocity  into  pressure  head  more 
perfectly  than  hitherto,  thus   increasing  the  possible  height  of  lift 
and  efficiency  of  the  pump.     There  can  be  no  doubt  that  pumps  of 
the   types  described   have  advantages  over  the  ordinary   plunger 
pumps   so  largely   used   in   mining   work,  and   they   are   specially 
useful   for  dip  workings.     They  can  be  easily  moved   into  a   new 
position   with   the   extension   of  the   workings,    which   in   itself  is 
a  great  advantage.     Other  advantages  claimed  for  these  centrifugal 
pumps  are : — 

They  have  few  movine  parts  in  contact,  thus  redudog  wear  and  tear. 

As  they  can  be  designed  to  run  at  a  high  speed,  they  occupy  little 

space. 
Heavy  foundations  are  unnecessary,  as  even  large  pumps  can  be  fixed  to 

wooden  beams  or  fixed  on  a  moving  bogie. 
They  can  deal  with  dirty  and  gritty  water  more  efficiently  than  the 

orainary  type  or  steam  pump. 

The  following  formulae  are  used  for  calculations  with  centrifugal 
pumps: — 
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(I.)  To  find  the  required  peripheral  speed  of  the  impeller  or  wheel  in  feet  per 
second  for  a  given  head. 

Where  y= peripheral  speed  in  feet  per  second. 

H=heaa  water  is  to  be  delivered  against  in  feet 

Ar=a  coefficient =8  for  small  pumps  and  9*82  for  large  pumps. 

(II.)  To  find  diameter  of  wheel  for  a  given  quantity  of  water  and  given  head. 

where  D= diameter  of  wheel  in  feet. 

* Q Q= quantity  of  water  in  cubic 

D  =      /  —=^ feet  per  minute. 

V  VH  xO-16  H  =  head  in  feet. 

0*16= coefficient 

(III.)  To  find  revolutions  of  tcheel  per  minute^  when  height  of  delivery  and 
circumference  of  wheel  are  given, 

R_   {(8VH)xA:}x60  ^  ,  ^. 

«•—   7T R= revolutions  per  minute. 

.J-       ^  H  and  Q=same  value  as  above, 

or  R = A:^^  ^  ~  coefficient  as  in  (I. ) 

k  in  this  case  being =158  for  small  pumps  and  187  for  large  pumps. 

(IV.)  To  find  effective  horse-poiver  required,  given  gallons  per  minute,  for  a 
given  quantity  of  water  to  he  delivered  against  a  given  head, 

E.H.P.  =  effective  horse  power. 
gTT  p  _Gxl0xHx-66  G= gallons  to  be  delivered  j)er 

*    '   '  83,000  minute. 

H=same  value  as  above. 

(V.)  To  find  diameter  ofsiiction  and  delivery  pipes  in  incJies, 

^  _  .oo»i  /"  ^  ~  diameter  of  pipe  in  inches. 

d  -  •225  vi/  g  -  gallons  delivered  per  minute. 

Sinking  Pump. — During  sinking  operations  an  arrangement  of 
pumps  is  required  differing  from  that  in  use  under  ordinary  circum- 
stances. A  common  arrangement  in  sinking  is  a  'sliding  suction' 
pump  working  through  a  *  packing  gland.'  It  may  be  lowered  as 
the  sinking  proceeds.  A  short  joining  piece  is  used  between  the 
sliding  suction  and  the  working  barrel,  this  short  piece  being  made 
of  weaker  metal  than  the  other  parts,  so  that  in  case  of  a  side  stroke 
from  a  shot  it  may  give  way,  without  injuring  the  more  expensive 
parts.  The  method  of  operating  is  usually  to  fix  all  the  pipes  above 
the  working  barrel  with  collaring,  and  to  allow  the  working  barrel 
and  sliding  piece  to  be  lowered  as  sinking  proceeds.  The  sliding 
piece  is  generally  made  the  length  of  one  of  the  pipes,  so  that  when 
it  has  been  let  out  this  distance,  the  column  is  'cut'  above  the 
working  barrel  and  another  length  added,  when  the  pumping  may 
proceed  as  before.  The  objection  to  this  method  is,  that  the  pipe 
column  requires  to  be  cut  at  intervals,  say  9  ft.,  as  the  sinking  pro- 
ceeds ;  but  if  the  pumps  are  not  large  it  works  very  satisfactorily. 
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For  light  pumps  n  strong  flexible  hose  may  be  used  instead  of  the 
sliding  suction.  The  pump  rods  are  usually  longer  than  the  column 
of  pipes,  and  short  pieces  are  used  as  lengthening  parts,  or  an  arrange- 
ment with  a  gland  fixed  to  the  bell-crank,  and  the  rods  clamped  to 
it,  is  used.  This  is  more  satis^tory,  as  the  rods  can  then  be  put  in 
the  full  length  and  lengthened  as  sinking  proceeds. 

The  second  method  of  employing  a  sink- 
ing pump  is  to  lower  the  whole  column, 
either  with  iron  rods  and  screws,  or  by  ropes 
worked  from  a  steam  winch  at  the  surface, 
fa  the  work  proceeds,  A  combination  of 
both  of  these  methods  is  possibly  the  best 
and  safest.  Fig.  403  shows  the  arrange- 
ment of  lowering  a  sinking  set  with  ropes 
and  ground  spears.  The  pipe  column  a  is 
jixed  rigidly  to  the  suction  piece  b,  and 
between  the  suction  piece  and  the  clack 
piece  a  short  pipe  h  is  inserted,  having 
extra  broad  and  strong  flanges.  Immedi- 
ately below  the  flanges,  two  strong  iron 
glands  c  a  are  fixed  and  connected  to  the 
'ground  speara'  d  d ;  at  the  top  of  these 
spears  are  two  sheaves  e  e,  connected  to  the 
spears  with  strapping  plates.  At  the 
surface  two  similar  sheaves  //  are  fixed, 
'  round  which  the  ropes  ;;  g  work.  They  are 
operated  by  a  steam  winch  at  the  surface, 
so  that  the  whole  lift  can  be  lowered  as 
sinking  proceeds,  and  fresh  pipes  added 
at  the  top  as  required.  The  spears  may 
be  made  of  sections  of  pitch  pine  4  in. 
to  8  in.  square,  according  to  the  size  of 
lift,  or  they  may  be  of  wrought  iron  2  in, 
to  4  in.  diameter.  They  ought  to  be  well 
strengthened  at  frequent  int«rvals  with 
cross  glands. 

A  third  arrangement  is  to  raise  the  water, 
while  sinking  proceeds,  by  means  of  a  steam 
pump  slung  iu  the  shaf^  and  connected  to 
lowering  screws  of  wrought  iron  which  work  through  beams  at  the 
surface,  with  a  large  nut  operated  by  spanners.  As  an  additional 
precaution,  a  strong  rope,  operated  by  a  steam  winch  at  the  surface, 
should  also  be  connected  to  the  pump,  it  being  likewise  useful  for 
lowering  the  pump  or  other  parts  when  pieces  are  being  added  to  the 
screws.  This  method  of  pumping  has  much  to  commend  it,  as  it 
does  away  with  the  necessity  For  using  pump-i'ods  and  bell-cranks. 
The  only_ditficulty  is  that  a  good  deal  of  space  is  required  if  the 
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quantity  of  water  to  be  dealt  with  is  large,  as  the  engine  has  to  be 
correspondingly  large.  Good  strong  tackle  must  be  used,  as  the 
weight  of  pump  and  connections  alone  often  amounts  to  between  12 
and  18  tons.  In  this  method  the  whole  contrivance  may  be  lowered 
as  sinking  proceeds,  or  the  pipes  may  be  fixed  and  the  pump  lowered 
alone,  the  pipes  immediately  above  it  being  cut  as  required.  This 
latter  method  is  probably  the  safest  and  best  in  most  cases.  The 
usual  method  of  arranging  the  pumps  in  the  shaft  is  to  make  the 
sinking  or  bottom  lift  a  bucket  lift,  until  a  point  has  been  reached 
where  it  is  proposed  to  put  in  a  permanent  lift.  A  plunger  lift  may 
then  be  put  in,  and  the  sinking  can  proceed  as  before,  with  the 
bucket  set.  In  some  instances  plunger  pumps  are  used  until  the 
lowest  part  of  the  sinking  is  reached,  when  a  bucket  lift  is  substituted 
with  which  to  complete  the  sinking.  The  great  advantage  of  the 
bucket  lift  is  that,  as  has  been  seen,  it  requires  very  little  space  in 
the  shaft,  as  the  rods  work  inside  the  pipes. 

The  arrangement  of  sinking  pumps  adopted  by  Messrs  Joseph 
Evans  <fe  Sons  of  Wolverhampton  is  a  very  suitable  and  handy 
method  of  dealing  with  water  in  sinking  pits,  and  has  been  found  to 
work  satisfactorily. 

The  pump  itself  (see  fig.  404)  is  what  is  known  as  a  vertical 
'Cornish'  sinking  pump,  is  double-acting,  of  the  outside  packed 
ram  type  fitted  with  differential  ram,  and  is  suitable  for  heads  up 
to  300  ft.  Pumps  of  this  type  were  employed  at  the  two  shafts 
recently  sunk  by  the  Niddrie  and  Benhar  Coal  Co.,  Ltd.,  at  Olive 
Bank,  Miisselburgh,  near  Edinburgh,  where  a  large  quantity  of 
water  was  met  with  in  the  sinkings.  The  following  were  the  sizes 
of  pumps  used  at  these  pits  : — two  with  14-in.  diameter  steam  cylin- 
ders, 9-in.  water  cylinder  with  2  ft.  stroke,  each  capable  of  delivering 
275  gallons  per  minute  at  a  speed  of  100  ft.  per  minute ;  one  16-in. 
diameter  steam  cylinder,  9-in.  water  cylinder,  and  delivering  275 
gallons  per  minute;  two  24-in.  diameter  steam  cylinders,  12-in. 
water  cylinders  by  2  ft.  stroke,  each  capable  of  delivering  490  gallons 
per  minute  at  a  speed  of  100  ft.  per  minute.  Each  pump  was 
required  to  deliver  the  water  to  a  height  of  300  ft.,  with  a  steam 
pressure  of  100  lbs.  per  square  inch  at  the  boilers.  The  pumps  were 
each  fitted  with  removable  lined  working  barrels,  so  that  in  the  case 
of  the  barrels  becoming  worn  or  scored  by  dirty  or  gritty  water,  they 
could  be  withdrawn  and  rebored  without  taking  the  pumps  out  of 
the  shaft.  These  pumps  worked  with  great  smoothness,  and  were 
admirably  suited  for  the  work  they  had  to  do,  for  in  this  case  it 
would  have  been  almost  impossible  to  have  used  pumps  operated  by 
the  ordinary  method  of  pump-rods  and  bell-cranks,  owing  to  the 
uncertain  nature  of  the  surface  and  the  subsidence  which  took  place. 

Air-VesselB. — Every  pump  in  which  the  plunger  or  bucket  moves 
at  a  greater  speed  than  40  ft.  per  minute,  and  in  which  the  area  of 
the  pipes  is  not  larger  than  that  of  the  plunger  or  bucket,  will  work 
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better  and  more  smoothly  with  an  air-vessel  than  without  one.  The 
primary  object  of  an  air-vessel  is  to  reduce  the  shocks  that  are  liable 
to  occur  inside  the  pumps  and  pipes,  especially  with  plunger  pumps, 
and  thereby  equalise  the  pressure  necessary  to  force  the  water  up  the 
delivery  pipes.  When  an  air-vessel  is  connected  with  the  pumps,  a 
greater  velocity  can  be  obtained,  either  with  plunger  or  bucket,  with 
the  same  degree  of  safety,  thereby  increasing  the  capacity  of  the 
pumps. 

The  benefits  to  be  derived  from  air-vessels  on  pumps  are  much 
questioned  by  many  engineers,  some  averring  that  they  are  of  no 
service,  or  that  the  pump  does  better  without  them.  If  the  air- 
vessel  be  badly  placed,  or  badly  attended  to,  in  not  being  charged 
properly,  its  presence  will  doubtless  be  a  hindrance  to  the  efficient 
working  of  the  pump.  The  nearer  the  air-vessel  is  to  the  casing  or 
barrel  the  better.  If  only  one  is  used  it  should  be  placed  imme- 
diately above  the  discharge  clack  on  the  delivery  side.  In  slow- 
moving  pumps,  air-vessels  are  not  actually  required.  To  get  the 
maximum  benefit  from  air- vessels  they  must  be  well  looked  after 
and  kept  constantly  charged  with  air.  In  one  of  the  best  forms  of 
air-vessel  for  a  vertical  column  of  pipes,  the  rising  column  is 
enlarged  and  an  inside  pipe  is  brought  down  near  to  the  bottom  of 
the  chamber.  Immediately  below  this  pipe  is  fixed  a  cup,  which 
tends  to  divert  all  the  particles  of  air  flowing  with  the  water  into 
the  chamber. 

To  charge  the  air-chamber,  the  tank  is  connected  to  the  rising 
column  by  a  small  pipe  with  a  tap  to  it.  At  the  other  end  of  the 
tank  are  two  small  pipes  for  ingress  and  egress.  The  tank  is  first 
filled  with  water  by  opening  the  tap,  and  keeping  the  other  pipes 
closed.  When  it  is  filled,  the  tap  is  closed  and  the  pipes  opened, 
when  the  water  rushes  out  at  and  air  enters  by  the  pipe  and  rises 
from  the  tank  into  the  air-chamber. 

An  important  point  in  connection  with  air-vessels  is  to  secure  their 
being  of  sufficient  area.  This  should  be  four  to  six  times  the  area  of 
the  working  barrel,  according  to  the  speed  of  pump. 

The  capacity  of  air-chamber  necessary  will  depend  upon  the  type 
of  pump  used,  single-acting  pumps  requiring  much  larger  chambers 
than  double-acting  ones.  Chambers  made  of  cast  iron  should  be 
well  tested  for  tightness  under  full  pressure ;  they  ought  also  to  be 
provided  with  pressure-gauge  glasses  to  show  the  water  level,  or,  if 
the  pressures  are  high,  a  series  of  *  try '  cocks  should  be  fixed,  for  the 
purpose  of  ascertaining  the  position  of  the  air  in  the  chamber. 

'Duty '  of  Pumping  Engines. — The  duty  or  efficiency  of  a  pump- 
ing engine  is  measured  by  the  number  of  foot-pounds  of  work  per- 
formed per  cwt.  of  coal  consumed.  It  varies  greatly  with  the  type 
of  engine  and  the  circumstances  under  which  it  works. 

The  duty  of  pumping  engines  was  first  recorded  in  Cornwall  by 
Watt  in  connection  with  engines  which  he  erected  at  some  of  the 
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mines  there.  Naturally,  in  such  a  district,  where  the  price  of  fuel  is 
high,  there  would  be  a  desire  to  get  the  largest  amount  of  work 
possible  for  a  given  coal  consumption.  The  highest  efficiency  ever 
obtained  was  from  a  Cornish  pumping  engine  which  gave  146  million 
foot-pounds  per  cwt.  of  coal  burned.  After  allowing  for  friction,  this 
corresponds  to  a  consumption  of  1-21  lbs.  of  coal  per  hour  per  indicated 
horse-power,  which  is  very  high  efficiency  indeed,  as,  with  ordinary 
colliery  pumping  engines,  it  is  not  unusual  to  find  a  consumption  of 
10  to  15  lbs.  of  coal  per  horse-power  per  hour,  and  in  some  types  of 
engines  a  great  deal  more.  The  '  duty,'  as  defined  above,  includes 
the  efficiency  of  the  boilers  and  engine,  and  depends  a  good  deal  on 
the  quality  of  the  fuel  burned. 

A  fair  comparison  of  piunping  engines  may  be  made,  and  the 
efficiency  ascertained  by  testing  the  consumption  of  coal  of  avei*age 
quality  in  raising  the  steam  required,  and  may  be  calculated  from 
the  formula : 

TT    (Hx(d«)x2-045xNxL) 
U y^ ' 

where  H  is  the  height  of  lift  of  pump  in  fathoms ;  d  the  diameter  of  pumps 
in  inches ;  L  the  length  of  stroke  ;  N  the  number  of  strokes  in  one  month  ;  W 
the  weight  of  water  in  lbs.  ;  U  the  units  of  work  per  lb.  of  steam  (duty). 

The  test  to  ascertain  the  efficiency  is  generally  made  when  the 
ordinary  work  of  the  mine  is  suspended. 

The  table  gives  the  result  of  the  *duty'  performed  by  various 
pumping  engines  from  actual  tests  made  by  Mr  Dugald  Baird  on  the 
foregoing  basis.* 


ClMs  of  Engine. 

a.  Bull 

6.  Oavey  differential 
e.  Davey  differential- 
compound 

d.  Duplex  differential 

e.  Compound  Bull 

/.  Ck>mpound  Davey 
differential 


Position  uf 
Engine. 

Surface 

Underground 

Surface 

Underground 
»> 


Diameter  of 
Cylinder  in  in. 

100 

86 
J  SS-in.  H.P.C. 
1.62 


Ungthof    ^^ 


Stroke. 

12  ft. 
4 


in.  H.P.C.  \    i  9  „        ) 

„  L.P.C.  /  1 12  „     r 

22  2  .. 


/28„  H.P.C. 
1  48  „  L.P.C. 
J  94  at    H.P.C 


\64  „    L.P 


} 

».C.  I 
.C.  / 


in  Yds. 

800 
800 


>i 


12 
7  „  2i  in. 


800 
800 
168 


Duty. 

50,26S,812 
41,800,000 

69,705,880 

41,860,000 

85,827,200 

100,800,000 


a,  b  and  d,  Leven  Colliery ;  e  and/,  Davey's ;  «,  Welligreen. 


Mr  Henry  Davey  states  that  the  greatest  efficiency  of  double-acting 
rotative  pumpmg  engines  does  not  exceed  30  to  40  million  foot-lbs. 
per  cwt.  of  coal  burned. 

Arrangement  of  PnmpB. — As  already  stated,  it  is  usual  to  make 
the  bottom  lift  in  the  shaft  a  bucket  pump,  and  the  other  lifts  forcing 
or  plunger  sets,  which  arrangement  is  found  to  work  satisfactorily  in 
most  cases. 

Many,  however,  prefer  to  have  all  the  lifts  as  forcing  sets,  especially 

*  Trans.  F.  Inst.  Atin.  Eng,,  vol.  xi.  p.  100. 


if  there  is  no  likelihood  of  the  lower  lift  being  flooded  by  a  sudden 
inflow.      Where  pumpii  are  operated  with  rods  in    the   shaft,  it  is 


M. 


PUn. 

Fios.  <05,  406,  407.- 


-Doubla  {ilunger  jiump. 


almost  an  invariable  cuBtotu  at  coal  mines  to  work  the  rods  with  a 
pair  of  bell-cranks,  unless  they  are  worked  by  a  direct-acting  engine, 
such  as  a  Bull  engine.     By  using  double  bell-cranks  the  power  is  more 
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evenly  distributed,  and  where  a  number  of  lifts  have  to  be  operated, 
fewer  offsets  are  required  than  if  the  pumps  were  all  worked  off  a 
single  bell-crank.  Figs.  406,  407  show  front  and  side  elevations  of  a 
good  arrangement  for  working  two  or  more  lifts  by  a  pair  of  bell-cranks. 
The  features  which  commend  this  arrangement  arc  that  the  pump  is 
a  double-acting  one,  and  that  there  are  two  distinct  sets  of  rods  carried 
down  from  the  surface,  the  lower  lift  in  each  case  being  worked  by  a 
cross-head  on  the  rods  of  the  lift  above. 

When  the  sets  are  large,  i,e.  above  20  in.  diameter,  it  is  often  a 
difficult  matter  to  fix  on  a  suitable  arrangement  to  occupy  as  little 
space  as  possible.  Figs.  405,  406,  407  show  a  plan,  elevation,  and 
side  elevation,  respectively,  of  a  very  compact  arrangement  for  a 
double  plunger  set  of  24  in.  diameter,  with  one  central  delivery  colunm 
common  to  both  pumps.  In  this  disposition  of  the  pumps  as  little 
space  as  possible  is  taken  up,  and  it  is  in  every  way  convenient.  The 
foundations  for  the  pumps  are  generally  strong  beams  of  timber  built 
into  the  shaft,  or  wrought-iron  or  steel  girders,  the  latter  being  much 
to  be  preferi'ed,  as  they  give  the  maximum  of  strength  with  a 
minimum  of  space,  and  are  less  liable  to  decay  than  timber  supports. 

A  few  worked-out  examples  on  pumping,  such  as  are  often  set  at 
examinations,  are  given  below,  in  the  hope  that  they  may  prove  useful. 

Question. — How  many  strokes  per  minute  can  be  made  by  the 
piston  of  a  pump  whose  area  is  2  sq.  ft.,  length  of  stroke  5  ft.,  and  the 
height  to  which  the  water  is  raised  60  fms.,  driven  by  an  engine 
of  80  horse-power? 

H. P.  X  33000  =  A  X  L X  62-6  xdxx. 

When  H.  P.  =  horse  power,  A  =  area  of  pump  in  sq.  ft.,  L= length  of  stroke  in 
feet,  62 '5= number  of  lbs.  in  1  cub.  ft.  of  water,  0^= height  in  feet  water  is  raised, 
a;=the  number  of  strokes  required  per  minute. 

.  •.  80  X  88000  =  2  X  5  x  62'5  x  360  x  a; 
after  cancelling  880  =  76ic    .'.  x=^  =  ll-86. 

Question, — At  what  rate  will  it  be  necessary  to  work  a  pump  12 
in.  diameter  with  4^  ft.  stroke,  to  deal  with  200  gallons  of  water  per 
minute  in  a  shaft  200  yds.  deep,  and  what  is  the  approximate  horse- 
power required] 

Using  the  same  letters  as  above,  and  G= gallons  of  water  per  minute,  and  D  = 
diameter  of  pump  in  inches,  6  "25= number  of  gallons  in  1  cud.  ft. 
Allowing  10  per  cent,  of  loss  for  slip,  G  =  200 +  20 =220. 

.^  G^6j26_xD^7854xLxx^  ^^  calculation  can  be  simplified,  as  ?:25x_7864 

114  144 

=  034    .*.  G  =  D'x  •034xLx.c 
220  =  12«x-034x4'5xx 
220  "22 -03  a; 

OOA 

. •.  g=  =9'16  strokes  per  minute. 

22-03  ^ 
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As  1  gallon  of  water  is  equal  to  10  lbs.  . '.  H.  P.  x  33000  =  220  x  10  x  200  x  3 

«,  tj  o      220x10x200x8     -^ 
OP  ±1. 1 .  = =  40 

33000 

Question. — A  hydraulic  pump  having  an  8-in.  diameter  plunger  is 
wrought  by  means  of  a  head  of  water  brought  from  the  surface  in 
pipes  2  in  diameter.  Find  the  total  pressure  on  plunger  and  weight 
of  water  in  pipes,  if  the  depth  of  the  shaft  is  360  ft. 

n_          -ii                   -jxvjrx         dx  12x62*6  12x62*5 

Pressure  in  lbs.  per  sq.  m.  due  to  head  of  water  = — — — ,  or  as  — 

1728  1728 

=  '434  . '.  pressure  in  lbs.  per  sq.  in.  due  to  head  of  water =cf  x  *434  =  360  x  '434 
=  156-24  lbs. 

Total  pressure  on  plunger = area  of  plunger  in  sq.  in.  x  pressure  in  lbs.  per  sq.  in. 
=  8«x  -7854  X 166-24 =7852-62  lbs. 

=  166-24 x2x -7854 


w  •  vx    *.       1.     •      •       f  =166-24 x2> 
Weight  of  water  in  pipes  |  ^^gQ.g^  ^hs. 


Questions — What  number  of  gallons  and  cubic  feet  of  water 
can  be  pumped  per  hour  from  a  pit  600  feet  deep,  by  an  engine  of 
200  H.P.,  assuming  the  eflBciency  of  the  engine  to  be  '6  ? 

Let  a; = weight  of  water  in  lbs.  raised  per  hour. 
Then  aj  x  d=  H.P.  x  33000  x  60  x  6 

as  X  600=200  X  33000  X  60  X '6 

200  X  33000  X  60  X  '6 

OT  x  = — — 

600 

=  396000  lbs. 
1  gallon  of  water = 1 0  lbs.    . '.  gallons  per  hour  =  ^       =  39600 

1  cub.  ft.  of  water = 62  -5  lbs.     . ".  cub.  ft.  per  hour  =  ?^^ = 6336 

*^  62-5 

Question, — Find  the  quantity  of  water  delivered  by  a  double-acting 
plunger  pump,  if  the  plunger  is  7  in.  in  diameter,  length  of  stroke  4 J 
ft.,  and  working  at  20  strokes  per  minute.  Also  find  the  horse-power 
if  the  shaft  be  90  fms.  deep. 

Using  the  same  notation  as  in  Question  2,  and  also  let  N  =  number 
of  strokes  of  plunger  per  minute, 

Then  G=D»  x  '034  x  L  x  2  x  N 
=  7^x  -034x4-5x2x20 
=299*88  gallons  per  minute. 

H.P.  x33000=GxlOx(i 

H. P.  X  33000 = 299-88  x  10  x  90  x  6. 

After  cancelling  H.P.=???^^=49*07. 

00 

Question, — Give  the  principal  sizes  of  a  direct-acting  pumping 
engine  fitted  with  a  fly-wheel  which  you  would  erect  to  raise  400 
gaUons  of  water  per  minute  from  a  depth  of  80  fms. ;  allowing  \  for 
stoppages,  §  for  efficiency  of  engine,  and  10  per  cent,  for  slip  of  pumps. 
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As  ^  has  to  be  allowed  for  stoppages,  and  10  per  cent,  for  slip  of 
pumps, 

400  X  24 

.  *.  Gallons  to  be  raised  per  minute  =  — +10  per  cent.  =  660. 

*^  16  *^ 

We  would  therefore  require  to  provide  a  pump  capable  of  raising 
660  gallons  per  minute.  Assume  the  speed  of  the  pump  to  be  100 
ft.  per  minute. 

G=D^x  034  X  speed 


or  D  =  >v/g4^^-^^  y^'  °^^^^^«^^_^_^gQ      =139,  or  14  in.  approximately  as 
V         034  X  speed  V  -034x100  *  *^*^  ^ 

the  diameter  of  pump  required. 

Then  to  calculate  size  of  engine  required  to  raise  600  gallons  per 
minute,  we  may  equate  the  work  thus : — 

Work  done  by  engine  =  work  done  in  shaft ; 
or  D^  X  7854  x  P  x  speed  x  £= weight  of  water  in  lbs.  per  minute  x  height  to  be 
raised  in  feet. 

Where  £  =  efficiency  of  engine =§  or  '66. 

If  we  assume  the  effective  steam  pressure  to  be  50  lbs.  per  sq.  in., 
and  the  speed  of  engine  to  be  the  same  as  the  pump,  100  ft.  per 
minute, 

Then  D"  x  7864  x  60  x  100  x  '66=600  x  10  x  80  x  6, 
after  cancelling  '08639  0^=96 


/     96 
and  D  =  A  /  ^^^„^  =  33  3  in.  diameter  of  cylinder. 
V   '08639  ■' 


'08639 

The  engine  is  to  be  direct-acting,  so  that  it  could  have  a  5  ft.  stroke, 
and  run  at  the  rate  of  ten  double  strokes  per  minute ;  the  diameter 
of  cylinder  being  33  in.,  and  the  steam  pressure  50  lbs.  per  square  in. 
Suppose  the  above  engine  to  be  compound  and  working  expansively, 
and  the  steam  to  be  cut  off  at  ^  of  the  stroke ;  what  would  the 
diameter  of  the  low-pressure  cylinder  require  to  be  ? 

The  size  of  the  low-pressure  cylinder  may  be  found  by  the 
formula : 

a=  — =r :  Where  a = area  in  sq.  in.  of  high-pressure  cylinder 


VE 


A=         ,,  ,,       low         „  ,, 

p 
E= number  of  expansions  of  steam  in  cylinder =i^ 

P  =  mean  effective  steam  pressure  in  lbs.  per  sq.  in. 
T= terminal  pressure  of  steam  =  P<- 

I  =  length  of  stroke  before  steam  is  cut  off 
^=     i»  II        after       ,,  ,, 
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HereT=60xgQ  =  16-6lb8.,  andE=-^^  =8,   and  by  formula  a=A  ,or  if 

Si 

we  let  (2= diameter  of  high  pressure  cylinder 
andD=  „         low        „  „ 

then.?x.7854  =  ^^i:78M 

.  •.  D*  X  -7854 = fZ«  X  -7864  x  VE 

Tx         /38'^  X -7854  X V3        

V  '7854  =V^883  97  =  48-4in. 

If  we  allow  the  same  efRciency  for  this  cylinder  as  for  the  high- 
pressure  one,  then  its  diameter  would  require  to  be  43*4 +  J^  =  57*8 
in.  The  ratio  between  the  two  cylinders  is  often  taken  as  1  :  1*6 
or  1'5  when  the  number  of  expansions  is  less  than  10. 


CHAFTEB  Xni. 

VENTILATION. 

Gases  Present  in  Mines. — The  principal  causes  of  impure  air  iu 
mines  are :  — The  exhalations  of  men  and  animals ;  l^uming  lamps  or 
candles;  gaseS^giVeiTDffTifftuftcnytrom  the  strata' and^thee6rf(£intfng 
from  blasting ;""■  decaying- timber  4»  the  workings;  absorption  of 
oxygen  'by^chemicaTa^w^ciCST'ltrtroduction  of  foreign  substances. 

In  breathing,  oxygen  is  withdrawn  from  the  air  and  CO^  is  given 
off,  together  with  a  certain  percentage  of  nitrogen ;  a  man  working 
for  eight  hours  will  give  off,  on  an  average,  over5_cub.  ft.  of  CO,. 
The  quantity  of  air  inhaled  by  a  nian  is  said  to  KiI5^^^_^_  _ 
per  minute,  ot  25^  to  27  cub,  ft.  per  hour  when  at  resTT^ut  in  a 
mine  it  will  require  much  more  than  this  to  keep  the  air  pure, 
possibl^Ji)QjoJ.20  cub.  ft.  per  minute  in  a  non-fiery  mine,  and  in 
fiery  mines,  where  mucTi~gas"i8'grven  QfL^30(L-4Q_^0(L  cub.  JL  per 
minute,  Whilp  every  hqrse  iu  the  mine  will  require  three  to  six  times 
as  much  air  I  as  a  man.-  The  quantity  of  air  supplied  to  a  colliery 
should  bearsomeja-tiq  to  the  amount  of  coal  raised  per  shift,  because 
the  more  actively  the  working  proceeds  the  greater  will  be  the 
amount  of  gas  liberated.  In  non-fiery  pits^^S^stg,  IQQ  eub-  >ft-.^f  air 
per  minute  per  ton  of  coal  raised  should  siTmce,  andJjQfLtQ,30Qja*b^t. 
per  minute  per  ton  of  coal  raised  in  fiery  collieries.  No  hard  and  fast 
line  can  be  drawn  that  will  suit  every  case. 

Burning  lamps  or  candles  also  absorb  the  oxygen  from  the  air  and 
give  off  deleterious  gases,  principally  COg  and  small  quantities  of  CO. 

Fire-damp  and  choke-damp  are  given  off  more  or  less  freely  in 
nearly  all  mines,  and  are  often  the  principal  causes  of  impure  air  in 
the  workings.  r>.'^*y       -'- 

^JCimbor.  in  some  mines,  especially  in  return  airways,  decays  very 
rapidly  and  pollutes  the  atmosphere.  To  prevent  this  as  much  as 
possible,  the  bark  should  be  peeled  off  and  the  timber  thoroughly 
seasoned  before  being  used  underground. 

Chemical  agencies,  such  as  the  action  of  water  on  iron  pyrites  or 
other  ferruginous  minerals,  absorb  considerable  quantities  of  oxygen, 
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and  give  off  HgS.     The  coal  itself  absorbs  the  oxjg  .^  ^yy 

such  an  extent  as  sometimes  to  ignite  spontaneously.  ^      %^  '- 

The  introduction  of  foreign  substances  into  the  air  .         ^ 
Iftstingby^explosives,  the  gases  naturally  given  off  * 
and  finecoal-dusTheld  in  suspension,  produced  by  breaki 
coal,  or  carried  down  into  the  workings  with  the  intake 
from  the  screens  on  the  surface.     The  statement  by  mai* 
that  explosives  cause  nQjumes  is  wrong,  as  nearly  all  explofe 
off  CO  and  COg  in  varying  quantities,  and  also  a  considerable       ^unt 
or'Solld^fesiilue."  The  smoke  of  gimpowder  is  largely  composed  of 
fine  particles  of  carbonate  and  sulphide  of  potassium.     Dynamite, 
when  exploded,  sends"  into  the  air,  m  a  finely  divided  state,  the  25 
per  cent,  of   infusorial  earth  which  it  contains.     Boring  shot-holes 
either  in  the  rock  or  coal  also  sets  in  motion  considerable  quantities 
of  fine  dust  which  help  to  pollute  the  air. 

From  these  causes,  the  atmosphere  in  the  workings  is  very  soon 
rendered  impure  and  dangerous  to  breathe,  unless  means  are  adopted 
to  clear  them,  and  keep  men  and  animals  supplied  with  pure  air. 
The  only  safe  and  practical  method  is  to  keep  up  a  current  of  air  of 
suflBcient  quantity  and  velocity  as  to  carry  ofif  the  deleterious  gases 
as  soon  as  formed. 

As  the  symbols,  specific  gravities,  and  atomic  or  relative  weights 
of  the  gases  met  with  in  mines  are  frequently  referred  to,  it  will  be 
as  well  to  commence  by  defining  these  terms. 

The  Specific  Gravity  or  Density  of  a  body  is  the  ratio  of  the 
qviantity  of  matter  contained  in  a  given  volume  to  the  quantity  of 
matter  contained  in  an  equal  volume  of  a  substance  chosen  as  a 
standard.  Air  is  nearly  always  the  standard  adopted  when  com- 
paring the  specific  gravity  of  gases. 

TJie  Atomic  WeigM  is  the  lowest  proportion  by  weight  of  an 
element  which  can  combine  chemically  with  one  part,  by  weight,  of 
hydrogen. 

Symbols. — The  chemist  divides  all  substances  into  elements,  com- 
pounds, and  mixtures.  Of  the  former  there  are  between  60  and  70, 
and  for  the  sake  of  convenience  and  brevity  in  referring  to  them,  the 
first  letter  only,  or  two  distinctive  letters  of  the  names,  are  used. 
Thus  H  is  the  symbol  for  hydrogen,  0  for  oxygen,  etc.,  etc. 

Gases  are  divided  into  three  classes,  viz.,  elementary  or  simple 
gases,  compound  gases,  mechanical  mixtures.  An  elementary  or 
simple  gas  consists  of  one  element  only,  i.e,  of  a  substance  which  it 
is  impossible  to  split  up  or  divide. 

Compound  gases  are  composed  of  two  or  more  elements  chemically 
combined  with  each  other.  This  combination  results  in  the  pro- 
duction of  a  gas  differing  in  its  properties  from  either  of  the  elements 
of  which  it  is  composed. 

Mechanical  mixture  takes  place  when  two  or  more  substances  or 
elements  are  brought  together  and  no  chemical  action  results.     The 
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^..<f68phere  of  a  mine  is  a  mechanical  mixture  of  air  and  the  yarious 
'^ases  and  emanations  described  above. 

The  elementary  or  simple  substances  of  which  the  compound  gases 
found  in  mines  are  composed,  are — Hydrogen,  H ;  Oxygen,  0 ; 
Nitrogen,  N  ;  Carbon,  C ;  Sulphur,  S. 

Hydrogen, — Symbol,  H  ;  atomic  weight,  1 ;  density  0-0693  (air  = 
1).  An  inflammable  gas;  possessing,  when  pure,  neither  colour, 
taste,  nor  smell ;  and  a  non-supporter  of  combustion  or  life.  The 
fact  may  here  be  noted  that  all  inflammable  gases  are  non-supporters 
of  combustion  in  the  ordinary  sense.  Hydrogen  being  the  lightest 
substance  known,  it  is  usiially  taken  as  the  standard  of  atomic 
weight,  the  weight  of  all  other  gases  being  expressed  in  terms  of 
hydrogen  as  unity.  1000  cub.  ft.  of  hydrogen  at  14*7  lbs.  (atmos- 
pheric) pressure  per  sq.  in.,  and  at  a  temperature  of  32*  F.,  weigh 
5-606  lbs. 

Oxygen. — Symbol,  0 ;  atomic  weight,  16.  Oxygen  occurs  in  the 
free  state  in  the  atmosphere,  mechanically  mixed  with  about  four 
times  its  vohime  of  the  inert  gas,  nitrogen,  which  acts  as  a  diluent 
to  the  highly  active  oxygen.  Oxygen  has  neither  colour,  taste,  nor 
smell ;  does  not  bum  in  air,  but  is  the  great  supporter  of  combustion 
and  life.  All  forms  of  burning,  breathing,  decay,  etc.,  are  simply 
manifestations  of  the  combination  of  various  substances  with  oxygen. 
Since  1000  cub.  ft.  of  hydrogen  weigh  5*606  lbs.,  1000  cub.  ft  of 
oxygen  =  5  606  x  16  =  8969  lbs. 

Nitrogen, — Symbol,  N;  atomic  weight,  14;  non-inflammable  gas; 
no  colour,  taste,  or  smell,  and  does  not  support  combustion.  It 
forms  f  ths  by  volume  of  the  atmosphere,  but  is  altogether  a  very  inert 
gas,  being  very  inactive  in  all  its  qualities  under  ordinary  conditions. 
While  not  actively  poisonous,  it  is  incapable  of  supporting  life. 
1000  cub.  ft.  of  nitrogen  =  5-606  x  14  =  78*48  lbs. 

Carbon, — Symbol,  C;  atomic  weight,  12.  Carbon  is  not  a  gas, 
and  it  is  never  found  free  in  a  gaseous  form  like  hydrogen  or  oxygen. 
Charcoal,  coke,  graphite,  and  the  diamond  are  all  forms  of  carbon, 
the  diamond  being  the  purest.  This  element  is  often  present  in  com- 
pound gases,  and,  from  their  properties,  gaseous  carbon  is  assumed 
to  have  no  colour,  taste,  or  smell,  to  be  inflammable,  but  a  non- 
supporter  of  combustion. 

Sulphur. — Symbol,  S ;  atomic  weight,  32.  Sulphur  is  also  a  solid 
element  at  ordinary  temperatures ;  at  higher  temperatures  it  becomes 
a  liquid  with  a  clear  amber  colour,  which  on  continuous  heating 
becomes  darker,  and  at  a  temperature  of  840"*  F.  it  becomes  a  dense 
red  vapour  which  is  combustible,  and  a  non-supporter  of  combustion 
and  life,  without  smell  itself,  but  with  a  strong  pimgent  smell  if 
allowed  to  combine  with  oxygen  or  with  hydrogen.  Its  combination 
with  oxygen  constitutes  its  chief  claim  to  importance  as  regards 
mine  gases. 

The  only  naturally  occurring  mechanical  mixture  we  have  to  deal 
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with  in  mine  gases  is  air,  which  cannot  be  correctly  expressed  by 
any  formula. 

Air  is  composed  approximately  of  4  volumes  of  nitrogen  and  1 
volume  of  oxygen,  14*43  being  its  relative  weight  as  compared  with 
hydrogen.  In  addition  to  these  two  gases  air  also  contains  several 
other  constituents,  such  as  carbonic  acid  gas  or  choke-damp,  water 
vapour,  and  argon,  a  constituent  recently  discovered  by  Lord 
Rayleigh.  The  proportion  of  carbonic  acid  gas  (CO2)  in  the  air  is 
about  ^^lyth  part  of  the  whole  volume,  or  varies  from  2  to  10  vols, 
in  10,000  vols,  of  air. 

The  average  composition  of  normal  air  is : — 


Volumes  per  1000. 

Nitrogen, 

.    779-0600 

Oxygen,              .            .            .            , 

.     206-6940 

Aqueous  vapour, 

14-0000 

Carbon  dioxide, 

•8860 

Ammonia,           .            .            .            . 

•0080 

Ozone,    .            .            .            .            . 

-0016 

Nitric  acid,         .            .            .            . 

-0006 

1000  0000 

The  average  amoimt  of  COg  present  in  the  air  is  -04  per  cent. ;  in 
ordinary  mines,  0*78  per  cent. ;  and  in  badly-ventilated  mines,  2*73 
per  cent.  As  a  continual  supply  of  COg  is  being  given  off  from  many 
sources,  it  is  necessary  to  have  some  provision  made  to  keep  down 
the  amount  present  in  the  atmosphere.  Nature  itself  makes  the 
necessary  provision.  Plants  inhale  the  COg  present  with  the  absorp- 
tion of  the  carbon  and  some  of  the  oxygen,  the  compound  retained 
being  assimilated,  and  helping  to  build  up  the  plant  tissue. 

Moisture  in  the  Air. — There  is  always  a  certain  amount  of  water 
vapour  present  in  the  atmosphere,  but  the  quantity  is  subject  to 
great  variation.  The  barometer  gives  indications  as  to  the  condition 
of  the  atmosphere  in  this  respect.  The  amoimt  of  vapour  or 
moisture  which  the  air  can  take  up  depends  on  its  temperature: 
the  higher  the  temperature  the  more  water  can  be  held  in  suspension. 
There  is,  for  any  given  temperature  and  pressure,  a  maximum 
amount  of  moisture  which  a  given  volume  of  air  is  capable  of 
taking  up,  and  at  which  it  is  *  saturated.'  The  following  quantities 
of  water  correspond  to  *  saturation '  for  the  temperatures  given : — 


Degrees  F. 
1000  cubic  feet  of  air  at  32**  contain 

50" 
68 
86 


»» 
I' 


)i 


Weight  of  water  in  lbs. 
0'308  lb. 
0-567 
1-066 
1  -873 


It 
tt 


II 


When  air  saturated  with  vapour  is  cooled,  the  moisture  is  condensed 
and  falls  in  the  form  of  rain  or  dew. 

The  relative  weight  of  water  vapour  to  air  is  as  9  to  14}.     Water 
vapour  is  therefore  much  lighter  than  air,  and  a  column  of  moist  air 

23 
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is  much  lighter  than  a  column  of  dry  air  of  the  same  height.  When 
the  barometer  falls  it  indicates  a  decrease  in  local  pressure,  because 
the  air  is  moist  and  there  is  a  probability  of  rain,  whilst  when  the 
barometer  is  high  it  indicates  that  the  air  is  dry  and  that  dry 
weather  will  occur.* 

The  amount  of  vapour  in  the  air  can  be  ascertained  from  tables 
published  for  the  purpose  (the  physical  tables  edited  by  Prof.  Guyot, 
of  Washington,  are  the  best),  givhig  the  average  saturation  for 
different  temperatures.  But  probably  the  best  means  of  dealing 
with  this  is  to  find  by  means  of  calcium  chloride  tubes  carefully 
weighed  before  and  after  a  known  volume  of  air  has  been  passed 
through  them;  the  amount  of  moisture  present  in  the  intake  and 
also  in  the  return  can  be  thus  ascertained,  and  the  difference  between 
these  two  quantities  will  be  the  amount  of  moisture  absorbed  from 
the  underground  workings.  The  amount  of  moisture  in  the  air  can 
also  be  ascertained  by  finding  the  dew  point,  for  the  intake  and 
return  currents,  by  means  of  a  hygrometer. 

^cample. — A  ventilatiiig  current  of  air  of  150,000  cub.  ft.  per  minute  saturated 
with  vapour  passes  down  the  down-cast  shaft  at  a  temperature  of  32**  F.  When 
it  leaves  the  up-cast  its  temperature  is  76**  F.  and  it  is  still  saturated  with  vapour. 
Find  how  much  water-vapour  this  quantity  of  air  has  absorbed  from  the  under- 
ground workings. 

T  +  469 
By  the  formula  Q,= x  Qi,  the  quantity  or  volume  of  air  in  the  up-cast 

I  "T"  4oy 

Bhaft=^^±i^x  160000 
82  +  469 

T= temperature  of  air  in  the  up-cast. 

t=  ,,  ,,  down -cast 


=  1-0876    X 160000 

=  168126  cub.  ft.  per  minute 

From  the  tables  already  referred  to  it  is  found  that 

1  cub.  ft  of  air  at  82'*  F.  contains  2 '20  gntius  of  vapour 
»ndl        „         „        76^  F.        „       9-41 

150000  X  2*20 
.'.  vapour  in  down-cast  volume=     ^^      -    =47a01bs.  {7000  grains =1  lb.} 

„  „p.«„,t  „     =  l«?125>c9:-«  =  219-06  „ 

.'.vapour  absorbed  from  mine  workings =219 '06 -47  10  =  161*95  lbs.,  or  16*196 
gallons  of  water  per  minute. 

The  compound  gases  found  in  mines  are  four  in  number,  viz., 
carbon  dioxide  (COg),  carbon  monoxide  (CO),  sulphuretted  hydrogen 
(HgS),  and  carburetted  hydrogen  or  methane  (CH^). 

*  If  eight  of  the  Atmosphere. — We  are  quite  unable  to  tell  to  what  height  the 
atmosphere  really  extends,  but  we  can  readilv  estimate  its  height,  firom  the 
observed  pressure,  if  we  assume  it  to  have  a  uniform  density. 

The  average  pressure  of  the  air  at  the  sea-level  is  14*7  lbs.  per  sq.  in.  at  a 
temperature  of  32**  F.  and  29*9  in.  of  mercury. 

14*7  X  144 "2116 '8  lbs.  pressure  per  sq.  ft,  1000  cub.  ft  of  air  weighs  80*728 

lbs.     .'.  1  cub.  ft  =^j^=  "08072  lbs.,  and  ^^=26211    ft.  =height  of  air 
column  if  the  atmosphere  were  of  uniform  density  throughout 
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Black-damp,  Choke^lamp,  or  Stythe,  is  a  gas,  or,  more  correctly, 
a  mixture  of  gases,  frequently  met  with  in  mines,  especially  in  old 
workings  or  badly  ventilated  parts  of  the  mine.  In  fact,  in  mostly 
all  mines  it  is  generally  present  to  a  greater  or  less  extent  in  the 
return  air  currents.  Until  quite  recently  black-damp  was  supposed 
to  be  composed  of  pure  carbon  dioxide  or  carbonic  acid  gas  (COg), 
but  the  investigations  and  analyses  of  Dr  John  Haldane  have  shown 
that  this  is  not  the  case.  In  a  series  of  analyses  of  samples  taken 
from  the  underground  workings  of  several  collieries  it  has  been 
shown  that  the  composition  of  black-damp  was  very  regular,  and  con- 
sisted of  85  to  88  per  cent,  of  nitrogen  and  12  to  15  per  cent,  of 
carbon  dioxide.  The  following  table,  taken  from  Dr  Haldane's  pub- 
lished researches,  will  show  more  clearly  the  composition  of  this  gas  : — 


Table  showing  thb  Composition  and  Specific  Gravity  of  Black-damp. 


Component  Gases. 

I. 

1-46 
82-56 
10-64 

5-35 

100-00 

II. 

0-72 
80-78 
11-03 

7-47 

100  00 

III. 

IV. 

V. 

VI.    , 

18-60 

80-68 

4-82 

0-90 

100-00 

r  Oxygen,  . 
Composition    of      Nitrogen, 
the  sample           Carbon  dioxide, 

.  Marsh  gas, 

1 

Calculated  specific  gravity  of  sample, 

Calculated    com-  (  xru^^^ 

position    of  the    ^  ^dioxide, 
pure  black-damp  {                         * 

10-07 

82-30 

7  63 

0-00 

100-00 

9-60 

88-08 

7-32 

0-00 

100-00 

13-66: 

78-97 

4-49 

2-88 

100  00 

1-0106 

87-87 
12-18 

1  0080 

1-0274 

85-30 
14-70 

100-00 

1  -0268 

1  0029 

85-86 
14-14 

100  00 

1-0129 

85-90 
14-10 

87-66 
'  12-35 

86-48 
13-52 

100-00 

Calculated  specific  gravity  of  the  f 
1     pure  black-damp                         \ 

100-00    100-00 

100-00 

1  -0390 

1  -0403 

10534 

1  -0468 

1  -0502 

1-0600 

It  will  be  seen  that  the  specific  gravity  of  black-damp  is  very 
much  lower  than  was  hitherto  supposed  to  be  the  case.  The  specific 
gravity  was  usually  taken  at  1-52  (air=l),  which  is  the  density  of 
pure  carbon  dioxide,  whereas  it  is  now  shown  to  vary  from  1  -0390 
to  1  0534,  or  only  about  4  or  5  per  cent,  higher  than  air.  Black- 
damp  as  actually  met  with  in  mines  may,  moreover,  be  sometimes 
lighter  than  air,  in  consequence  of  admixture  with  fire-damp. 

Black-damp  is  produced  by  the  decomposition  or  combustion  of 
carbonaceous  matter  in  a  free  supply  of  oxygen,  and  is  formed  in 
mines  by  the  decay  of  organic  matter,  by  the  exhalations  of  men 
and  animals,  the  gaseous  products  resulting  from  burning  lamps 
and  blasting  operations — in  fact,  whgrever  combustion  i°  gning  ftn, 
In  some  mines  it  is  abundant,  and  is  given  of!'  naturally  from  the 
strata  like  fire-damp. 
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According  to  Dr  Haldane,  the  two  principal  theories  which  may 
be  advanced  to  account  for  the  presence  of  this  gas  in  mines  are — 
(a)  that  the  formation  of  black-damp  is  due  to  the  oxidation  of  coal 
or  associated  strata ;  (b)  that  it  is  evolved  from  the  coal  or  associated 
strata.  He  regards  the  first — the  oxidation  of  coal — as  being  the 
principal  and  most  likely  cause  of  the  origin  of  black-damp  in  coal 
mines.  It  is  well  known  that  many  kinds  of  coal  when  exposed  to  air 
undergo  a  slow  process  of  oxidation ;  in  fact,  the  oxidation  may  pro- 
ceed so  rapidly  as  to  give  rise  to  a  considerable  increase  in  the 
temperature  and  finally  to  spontaneous  combustion,  causing  what  are 
known  as  gob  fires.  He  maintains  that  black-damp  is  nothing  but 
tlyj.j::Qsidualffas  left  by  this  slow,  process  of  oxidation  of  the  coal,  at 
ordinary  temperatureis.  Black-damp  does  not  issue  at  high  pressure 
from  freshly-cut  coal  in  the  same  way  as  fire-damp ;  and  coal  which 
has  had  ample  time  to  drain  off  all  its  other  gases,  may  still  continue  for 
months  and  years  to  produce  black-damp.  On  the  other  hand,  the  gas 
is  frequently  met  with  in  metalliferous  mines  and  in  fire-clay,  lime- 
stone, ironstone,  and  other  measures  where  no  coal  seams  are  present. 

Black-damp  has  neither  xolouxv^taste,  nor  smell,  except  when  pre- 
sent in  large  quantities,  when  a  slightl^'TlcTd  taste  is  experienced. 
This  would,  however,  be  no  guide  to  its  detection  in  mines.  It 
does  not  burn,  nor  does  it  support  combustion  or  respiration.  It 
can  be  easily  detected,  as  when  lights  are  lowered  into  it  they  become 
black  and  smoky,  or  are  extinguished.  Another  test  is  to  pass  a 
quantity  of  the  suspected  air  through  lime-water,  when,  if  the  gas 
is  present,  the  water  will  turn  milky. 

The  proportion  of  black-damp  in  air  required  to  extinguish  the 
flame  of  a  lamp  varies  according  to  the  percentage  of  oxygen  present. 
Professor  Clowes  states  that  it  requires  the  presence  of  15  per  cent, 
of  black-damp  in  the  air  to  extinguish  a  flame,  while  Dr  Haldane 
gives  the  percentage  required  for  the  extinction  of  a  flame  at  15  to  19 
per  cent.,  according  to  the  kind  of  light  used.  The  following  table 
gives  the  result  of  some  of  Dr  Haldane' s  experiments  on  extinctive 
percentages  of  black-damp  : — 


Component  Gases. 

Oxygen,   .... 

Nitrogen, 

Carbon  dioxide, 

Marsh  gas, 

1 

Upright 

Candle 

Extinguished. 

Oil  liamp  (bon- 
neted danny) 
Extinguished. 

Hydrogen 

Flame 

Extinguished. 

1 

1                   t 

17-64 

80  15 

2-21 

0-00 

100-00 

16-43 

79-25 

249 

1-83 

100  00 

11-41 

79  63 

5-37 

3-69 

100-00 

k 

Percentage  of  black-damp, 

16-60 

19-56 

1 

41-72 

1 
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Black-damp  is  always  difficult  to  deal  with,  especially  in  the  case  of 
dip  workings,  as  it  may  settle  near  the  floor,  and  a  current  of  air 
passing  over  it  may  fail  to  remove  it.  Its  presence  should  always  be 
suspected  in  such  workings  (especially  if  old  and  imventilated),  and 
at  the  bottom  of  wells  and  sumps.  It  may  be  removed  from  sumps 
by  lowering  a  bucket  containing  quicklime,  which  absorbs  large 
quantities  of  COg,  or  by  letting  a  quantity  of  water  fall  down  the 
shaft,  thus  producing  a  strong  current  of  air  to  displace  it.  The 
latter  method  can  only  be  adopted  when  there  is  plenty  of  pumping 
power  available  to  raise  the  water  to  the  surface  again. 

Carbonic  Oxide,  Carbon  Monoxide,  or  White-damp. —Composition, 
CO;  atomic  volume,  14.  This  gas  is  also  colourless  and  tasteless  ; 
but  sometimes  possesses  a  sweet  and  delicate  odour,  especially  when 
present  in  largB-qtfalititTes.  It  is  a  combustible  gas,  burning  in  air 
with  a  characteristic  blue  flame  and""t5rmiug  carBbn  dioxide,  and  is  a 
non-supporter  of  combustion.  Fortunately  this  gas  is  found  only  in 
exceptxional  cijccumstances,  such  as  underground  fires,  etc.  Carbonic 
oxifie  is  formed  by  the  combustion  of  carbon  with  a  deficiency  of  oxygen, 
or,  briefly,  is  the  result  of  incomplete  combustion.  SQiall  quantities 
of  this  gas  are  also  given  off  on  the  explosion  of  gunpowder.  It  is 
usually  a  constituent  of  after-damp7~SS3  it  is  said  to  be  given  off' 
naturally  in  some  metalliferous  mines,  and  has  been  found  in  tunnels 
during  driving  operations.  Although  this  gas  is  inflammable,  it 
cannot  be  detected  by  the  flame  of  a  lamp  until  there  is  about  12 
per  cent,  present  in  air,  whereas  much  smaller  quantities  are  fatal  to 
life.  Carbon  monoxide  is  an  extremely  poisonous  gas;  very  small 
quantities  present  in  the  air  rapidly  give  rise  to  severe  headache  and 
giddiness,  with  palpitation  of  the  heart,  and  if  breathed  for  any 
length  of  time,  insensibility  and  death  quickly  follow.  It  has  been 
proved  that  as  a  very  small  percentage  of  this  gas  affects  small  warm- 
blooded animals  more  rapidly  than  maijjiniGp^or  small  birds  should 
be  utilised  in  the  detection  of  this  gas,  the  mouse  of  "bird  being 
carried  in  a  small  cage,  or  inside  the  gauze  of  a  safety  lamp.  If  on 
entering  the  foul  atmosphere  the  animal  becomes  incapable  of  motion, 
it  should  be  regarded  as  a  sign  of  real  danger.  It  should  be  re- 
membered that  while  an  atmosphere  containing  Iner  cent^  ^f_Q^- 
would  be  almost  immediately  fatal  if  bi  egtKed7^ir~"very  much 
smaller  percentage  would  be  equally  fatal  if  breathed  for  a  sufficient 
length  of  time ;  0*5  per  cent,  will  saturate  the  blood  as  well  as  1  per 
cent,  but  with"l1Ie lower  percentage  it  will  take  a  much  longer  time 
for  saturation  to  be  completed.  With  about  0*06  per  cent,  ot  Ciijji 
the  air,  the  blood  of  a  man  becomes  30  per  cent,  saturated  after  1  jlEours. 
O'l  per  cent,  will  give  50  per  cent,  saturation ;  with  0*2  per  cent,  the 
saturation  point  is  increasedt9^§7^,gercent.,  which  would  soon  bring 
about  unconsciousness  and  JeathTvvIth  1  per  cent,  of  CO  in  the  air, 
saturation  of  the  blood  would  take  place  in  five  or  six  minutes,  and 
death  would  rapidly  supervene.  ^  - 
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The  main  thing  for  the  stiidcnt  to  remember  is  that  the  small  pro- 
portion of  CO  necessary  to  produce  a  fatal  result  cannot  be  detected 
by  the  flame  of  a  lamp,  since  a  flame  cap  will  not  form  until  there 
is  considerably  over  1  per  cent,  present. 

If  a  person  is  sufiering  from  carbon  monoxide  poisoning,  pure 
oxygen  should  be  administered,  stimulants  given  to  act  on  the  heart 
and  stomach,  and  the  victim  wrapped  in  warm  blankets,  and  hot  water 
bottles  applied.  Bringing  any  one  sufiering  from  the  eflects  of  this 
gas  suddenly  into  the  fresh  air  may  prove  very  dangerous,  and  even 
may  prove  fatal.  Why  this  occurs  has  never  been  satisfactorily 
explained,  but  still  it  is  a  fact  which  has  been  noted  in  the  case  of 
several  colliery  accidents. 

Sulphuretted  Hydrogea — Composition,  HgS  ;  atomic  volume,  17. 
This  is  a  combustible  gas  burning  with  a  deep  blue  flame,  producing 
sulphur  dioxide  (6O2)  and  water;  dees  not  stipperi  combustion, 
and  has  no  colour,  no  taste,  but  a  very  strong  odour  of  rotten 
eggs.  Like  carbonic  oxide,  this  gas  is  never  found  in  large 
quantities  in  mines.  It  is  produced  by  the  decomposition  of  pyrites 
by  water.  It  is  an  exce^ingly  poisonous  gas,  a  very  small  per- 
centage causing  sickness  and  giddiness.  It  is  never  a  source  of  great 
danger  in  coal-mines,  as  its  presence,  even  in  smalfqiianuu^s,'  is  easily 
detected,  owing  to  its  strong  smell.  Sudden  outbursts  of  this  gas 
have  been  known  to  occur,  however,  in  copper  and  salt  mines, 
causing  loss  of  life. 

Carburetted  Hydrogen,  Methane,  or  Marsh  Gas,  is  known  amongst 
miners  as  *  fire-damp,  *  *fire,  *  or  *gas.  *  Composition,  CH^;  atomic 
volume,  8.  Tire-damp  Is  "a  gas  with  neither  colour,  taste,  nor  smell. 
It  is  highly  inflammable,  and  a  non-supporter  of  combustion. 

Carburetted  hydrogen  is  found  in  petroleum,  and  is  given  off  when 
the  oil  is  taken  out  of  the  earth  and  the  pressure  removed.  It  is  also 
found  in  marshes  (hence  the  name  marsh  gas)  as  the  result  of  the 
decay  of  vegetable  matter.  Vegetable  matter  is  principally  composed 
of  carbon,  hydrogen,  and  oxygen,  and  when  it  undergoes  decomposition 
in  the  air,  in  a  free  supply  of  oxygen,  the  final  products  formed 
are  carbon  dioxide  (COj)  and  water  (HgO).  When  the  decomposi- 
tion process  takes  place  icithout  access  of  oxygen,  such  as  under 
water,  carburetted  hydrogen  (CH^),  which  is  a  reduction  product, 
is  formed.  This  explains  why  this  gas  is  held  ii\  th^^jcoaland 
given  ofi*  naturally  when  the  mineral  is  worked.  The  association  witfi^ 
"^rburetted  hydrogen  of  free  hydrogen,  oxygen,  nitrogen,  and  also 
heavy  hydrocarbons,  is  said  to  be  due  to  different  stages  of  carbonisa- 
tion of  the  vegetable  matter,  or  it  may  have  been  produced  by  the 
simultaneous  decomposition  of  animal  matter. 

Blowei'if, — As  the  formation  of  coal  must  have  proceeded  under  a 
complete  covering  of  layers  of  mud,  sand,  etc.,  it  is  evident  that  the^ 
gaseous  products  accompanying  these  changes  must  have  collected  and 
then  filled,  under  considerable  pressure,  not  only  joints  and  fissures  in 
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the  seam  and  surrounding  rocks,  but  must  have  permeated  the  coal 
itself.  The  hissing  and  crackling  noise  observed  at  the  face  of 
freshly-worked  coal  shows  that  the  occluded  gases  are  held  under  a 
certain  pressure.  Where  the  pressure  is  great  the  gas  issues  from  the 
coal  with  a  hissing  noise,  like  that  of  steam  escaping,  a  vent  of  this 
description  being  called  a  *  blower.'  These  blowers  often  continue 
for  lengthened  periods  to  give  off  fire-damp,  showing  that  they  must 
comqi^nipatp.  with  reservoirs  of_gas.  The  pressuie  has  at  times 
been  measuredTand  m  some  places  pressures  varying  from  460  to 
900  lbs,  per  sq.  in.  have  been  recorded.  Where  gas  at  these 
enormous  pressures  is  present,  liability  to  sudden  outbursts  always 
exists.  Such  outbursts  are  very  dangerous,  both  by  their  fouling  the 
air  currents  and  dislodging  material. 

In  the  black  vein  seam  of  the  South  Wales  coal-field  large  cavities 
filled  with  fire-damp  are  met  with,  and  when  the  seam  is  being  worked 
they  sometimes  biurst  out  unexpectedly,  forcing  out  large  masses  of 
coal  and  dust,  and  resulting  at  times  in  loss  of  life.  Outbursts  also 
occur  from  the  floor  of  seams  in  such  large  volumes  and  with  such 
suddenness  as  to  foul  the  air  to  a  dangerous  degree  and  cause  serious 
explosions.  When  faults  are  being  approached,  blowers  of  fire-damp 
are  not  infrequently  liberated,  being  sometimes  preceded  by  an  out- 
flow of  water.  Great  care  should  therefore  be  taken  when  working 
in  such  circumstances. 

In  some  shallow  mines  fire-damp  is  seldom  met  with,  or  foimd 
only  in  very  small  quantities,  having  probably  escaped  from  such 
mines  through  the  permeable  strata  to  the  surface.  In  some  seams 
it  is,  on  the  other  hand,  given  off  in  very  large  quantities,  especially 
from  those  earliest  worked,  which  usually  drain  off  the  gas  from 
the  other  seams. 

Generally,  fire-damp   is  most  abundant  in  seams^  oonwderable 

depth,  being  given  off  naturally  from  the  strata,  and  also  freely  from 

"  the  coal  face ;  it  also  issues  from  cracks  in  the  roof  and  floor,  large 

volumes  being  given  off  at  times,  sometimes  heaving  up  the  floor  or 

causing  falls  of  the  roof. 

Carburetted  hydrogen  is  rarely  found  in  a  pure  state.  It  is 
generally  mixed  with  other  gases,  principally  carbon  dioxide  and 
sulphuretted  hydrogen. 

The  small  quantities  of  carbon  dioxide  found  in  blowers  of  fire-damp 
or  in  the  return  air  of  mines,  have  apparently  little  influence  on  an 
explosive  mixture  of  carburetted  hydrogen  and  air,  according  to 
experiments  which  have  been  made  with  mixtures  of  fire-damp  and 
air  at  Bochum  and  by  Kriescher  and  Winkler  at  Freiberg,  where 
5  per  cent,  of  carbon  dioxide  (COg)  was  found  to  have  no  effect.  This 
is  probably  also  the  case  as  regards  other  gases  associated  with  fire- 
,  damp,  such  as  nitrogen,  such  gases  seeming  to  act  in  the  same  way  as 
an  excess  of  air,  merely  as  a  diluent,  and  tending  to  reduce  the 
temperature  of  the  explosion. 
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The  experiments  of  Mallard  and  Le  Chatelier,  made  on  behalf 
of  the  French  Fire-damp  Commission,  show  that  mixtures  of  CH^ 
and  air  begin  to  be  sharply  explosive  with  7  per  cent,  of  marsh  gas 
(1  vol.  of  CH44-I2  vols,  of  air),  the  maximum  being  reached  with 
10*8  per  cent.  (1  vol.  of  CH^  +  8'3  vols,  of  air),  and  ceases  to  be 
explosive  with  14*5  per  cent.  (1  :  5*9).  For  the  inflammability  of 
a  mixture  of  CH^  and  air  they  fix  the  lowest  limit  with  an  amount 
of  5*8  per  cent,  of  marsh  gas,  and  the  upper  limit  from  16  to  17  per 
cent. 

When  a  mixture  of  fire-damp  and  air  in  certain  proportions  is 
brought  in  contact  with  a  naked  flame,  combustion  may  result  either 
in  the  quiet  burning  away,  or  in  an  explosion  of  greater  or  less 
violence ;  that  is,  in  the  rapid  translation  of  flame  through  the  whole 
mixture. 

In  the  course  of  the  experiments  it  was  found  that  whilst  2  vols, 
of  CH^  require  for  their  complete  combustion  4  vols,  of  oxygen, 
2  vols,  of  hydrogen  require  1  vol. ;  2  vols,  of  ethane  (CgH^)  require 
6  vols,  of  oxygen.  Taking  the  average  percentage  of  oxygen  in  the 
air  as  20 '7  vols.,  a  mixture  of  air  and  each  one  of  these  gases,  to 
contain  sufficient  oxygen  to  bum  each  completely  and  form,  therefore, 
the  most  explosive  mixture,  must  contain  the  following  amounts 
of  each : — 

Per  cent. 

Pure  hydrogen  (Ha)  ....  29 '28  vols. 

Marsh  gas  (CH4)      .  9*88    „ 

Ethane  (CsHe)         .  .  5*58    ,, 

If,  therefore,  any  of  these  gases  be  present  with  CH^,  the  percentage 
of  such  mixed  gases  required  to  form  with  air  the  most  explosive 
mixture  (explosive  maximum)  will  be  greater  or  less  than  9 '38, 
according  as  the  gas  is  either  hydrogen  or  one  of  the  other  hydro- 
carbons. 

The  following  table  shows  the  results  obtained  by  the  British 
Royal  Commission  on  Accidents  in  Mines,  of  varying  percentages  of 
fire-damp  on  a  naked  light : — 

CH4  in  air.  Effect 

2    per  cent.  .  .      Produces  slicht  elongation  of  the  flame. 

2^        „  .  .A  distinct  elongation. 

4|        ,,  .  .      Inflames  and  bums  slowly. 
6          ,,  ,,  explodes  sharply. 

9 '38  .,  ,,  ,,        with    greatest    violence    and 

perfect  combustion. 

20  ,,  .  .      The  flame  lust  burns  feebly. 

25  ,,  .  .      Extinguishes  the  flame. 

Mallard  and  Le  Chatelier  submitted  the  question  of  the  temperature 
of  ignition  of  carburetted  hydrogen  to  a  very  thorough  and  complete 
investigation,  and  have  found  the  temperature  of  ignition  for 
Tiixtures  of  CH^  and  air  to  be  740'  C.  (1364*  Fahr.),  and  that  it  is 
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practically  constant  whatever  be  the  proportions  of  the  constituents. 
But  it  was  found  that  ignition  does  not  take  place  immediately  the 
gas,  or  even  a  portion  of  it,  has  been  raised  to  this  temperature  ;  the 
gas  must  be  exposed  Sftme  seconds  to  the  above  temperature  before 
explosion  takes  place.  Professors  Wullner  and  Lehmann,  in  their 
experiments  on  the  same  subject,  found  that  mixtures  of  CH^  and  air 
in  certain  proportions  were  more  easily  ignited  by  some  kinds  of 
wire,  when  heated,  than  by  others,  copper-wire  only  causing  ignition 
at  the  moment  of  its  fusion  (about  1100*  C),  while  platinum  wire 
0*50  mm.  diameter  ignited  at  1480*  C.  when  the  mixture  was  in  the 
proportion  of  1  of  CH^  to  14  of  air.  They  also  found  that  the  most 
easily  ignited  mixtures  are  not  the  most  explosive,  viz.,  1  :  9  and  1:10, 
but  those  containing  gas  and  air  in  proportion  of  1  :  14  (6 '6  per 
cent,  of  gas).  It  was  also  noted  that  the  higher  the  velocity  at 
which  the  inflammable  mixture  was  moving,  the  higher  the  tempera- 
ture of  ignition.  Wiillner  and  Lehmann  also  made  experiments 
with  electric  sparks,  and  found  that  open  sparks,  as  produced  by  an 
electric  current  (using  a  dynamo)  between  copper  wires  3  mm. 
diameter,  ignited  mixtures  of  CH^  and  air  in  the  proportion  of  1  : 9 
with  a  current  of  18  amperes  and  above,  whilst  with  a  current  of 
15  amperes  or  less,  occasional  sparks  caused  ignition.  The  ignition 
took  place  more  easily  with  brass  and  iron  wires  than  with  copper, 
but  the  ignition  is  no  doubt  influenced  by  the  heating  of  the  wires, 
so  that  a  current  of  8  amperes  may  be  dangerous.  In  using  carbon 
points  it  was  found  much  more  difficult  to  ignite  the  mixtures  than 
with  metal  wire ;  in  fact,  an  arc  of  10  amperes  could  be  maintained 
in  the  most  explosive  mixture  without  danger.  In  view  of  the  very 
large  nimiber  of  mines  which  now  use  electricity  for  some  purpose  or 
other  underground,  it  is  very  desirable  that  further  investigations 
should  be  made  on  this  subject. 

Explosion  of  Firedamp. — When  firedamp  explodes  with  a  mixture 
of  air  (9*38  per  cent.  CH^  in  pure  air),  the  following  reaction  takes 
place : — 


Before  explosion. 
One  volume  of  CH4  +  20a  +  ^^2 = 

or  simply  CH4  +  40  =  COg  +  2H2O. 


After  explosion. 

CO,  +2(H,0)+  16  N 

blackdamp  +  steam  +  free  nitrogen. 


It  is  very  seldom,  however,  that  the  exact  proportions  of  fire-damp 
and  air  necessary  for  complete  combustion  are  present  when  an 
explosion  takes  place,  as  in  nearly  every  explosion  the  deadly  after- 
damp has  been  found  to  contain,  in  addition  to  COg  and  free  nitrogen, 
varying  percentages  of  carbon  monoxide  and  free  hydrogen.  With  an 
excess  of  CH^,  i,e,  over  9*38  per  cent.,  the  question  of  resulting  pro- 
ducts when  an  explosion  takes  place  is  a  complicated  one.  There 
would  be  incomplete  combustion  and  certainly  CO  formed,  as  well  as 
some  free  hydrogen.     Indeed,  the  reaction  would  be  somewhat  similar 
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to  that  by  which  generator  gas  is  got  by  incomplete  combustion 
of  coal.  Even  if  a  quantitative  analysis  could  be  made  it  would  be 
different  with  different  temperatures,  etc.  For  instance,  in  the 
explosion  at  Micklefield  Colliery,  April  30,  1896,  when  sixty  lives  were 
lost,  it  was  foiind  on  investigation  that  forty-six  of  these  had  been 
victims  to  carbon  monoxide  poisoning,  the  CO  being  present  in  the 
after-damp,  and  not  to  the  force  of  the  explosion  at  all.  Dr  Haldane 
gives  it  as  his  opinion  that  on  an  average  about  70  per  cent,  of  the 
lives  lost  in  large  colliery  explosions  are  due  to  carbon  monoxide 
poisoning. 

Means  of  Detection. — Fire-damp  is  usually  detected  by  means  of  a 
*  liavy '  lamp,  or  by  one  of  the  other  numerous  safety  lamps  now 
''used.  To  detect  this  gas  the  flame  should  be  turned  down  as  low  as 
possible  in  the  lamp,  because,  if  there  is  a  large  flame,  it  is  impossible 
to  see  the  *  blue  cap '  which  forms  on  the  top  of  the  flame  if  fire- 
damp is  present. 

The  *  cap '  increases  in  length  as  the  proportion  of  gas  increases, 
until,  when  there  is  6  J  per  cent,  present,  the  '  blue  cap '  fills  the 
gauze  of  the  lamp.  With  this  percentage  of  gas  the  mixture  would 
be  moderately  explosive,  the  violence  of  the  explosion  becoming 
greater  as  the  percentage  of  gas  in  the  air  increases,  until  it  reaches 
9*38  per  cent.,  which  is  the  most  explosive  point.  None  but 
experienced  men  ought  to  be  allowed  to  act  as  firemen  and  examine 
for  gas  in  underground  workings.  In  collieries  wlitio  gay  has  not 
been  detected  for  twelve  months,  the  examination  of  the  workings 
may  be  made  witii  an  open  light,  but  this  is  a  practice  which  ought 
not  to  be  allowed,  as  gas  may  appear  at  any  time.  The  practice  of 
allowing  a  fireman  to  take  down  a  naked  light  along  with  his  safety 
lamp,  on  the  understanding  that  the  naked  light  has  not  to  be  carried 
beyond  a  certain  point,  is  a  practice  that  cannot  be  too  strongly 
condemned,  and  no  manager  of  a  colliery  ought  to  allow  such  a 
thing,  as  many  accidents  have  resulted  in  the  fireman  making  an 
improper  use  of  the  open  lamp  and  carrying  it  where  it  ought  not 
to  be. 

Fire-damp  may  accumulate  in  large  quantities  in  the  open  waste, 
^^^..Kh^e  pillars  arebeing  taken  out,  and  in  rise  workings  or  in  holes  in 
the  rooT,  because,  being  very  much  lighter  than  air,  it  seeks  the 
highest  point  in  the  workings.  If  the  seam  worked  has  a  soft  shale 
roof  and  a  bed  of  hard  rock,  or  fakes  above,  as  in  fig.  -108,  the  soft 
shale  falls  at  once,  when  a  ^  lift '  has  been  taken  off  the  pillar  and  the 
wood  first  drawn,  but  the  rock  does  not  break  for  some  time  after- 
wards. This  causes  an  open  space  to  be  left  between  the  fallen  shale 
and  the  rock,  in  which  fire-damp  accumulates,  if  present,  so  that 
when  the  rock  ultimately  falls  the  space  is  filled  iip,  and  the  gas  is 
forced  down  the  edge  of  the  waste  into  the  working  places,  and,  if 
naked  lights  are  used,  may  cause  an  explosion.  The  only  method  of 
dealing  with  this  danger  is  to  work  with  safety  lamps. 
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If  the  Longwall  Bystem  of  workiug  is  adopted,  there  may  be  a 
apace  formed  between  the  shale  and  the  roclc,  which  ooiitaioa  gas 
that  escapes  into  the  workings,  owing  to  a  subsidence  of  the  rock. 

To  obviate  this,  it  is  common  to  rip  one  place  up  to  the  rock, 
the  road  of  course  being  banked   up  ;  this  road,  which,  if  possible. 


Fid.  408.— Gaa-filled  cavity. 

should  be  the  return  airway,  has  now  direct  communication  with  any 
apace  that  may  exist,  and  consequently  acts  as  a  drain  for  the  gas. 

In  sinking  shafts,  sudden  outbursts  of  fire-damp  have  often  occurred. 
When  approaching  a  coal  scam  the  strata  are  often  displaced  for  a 
considerable  distance  from  the  scam,  allowing  the  gas  to  issue  into  the 
shaft  (fig.  409).  This  may  take  place 
more  readily  after  a  number  of  shots 
have  been  fired,  and  therefore  great 
care  should  be  taken  in  such  cases 
to  examine  the  shaft  with  a  safety 
lamp  befoi-e  proceeding  with  the 
work.  The  danger  may  also  be 
guarded  against  by  putting  a  bore- 
hole to  the  coal-head  12  or  18  ft.  in 
advance  of  the  sinking. 

Another  danger  lies  in  puniping 
water  from  old  workings  or  disused 
shafts  where  gas  may  be  confined, 
as  when  the  water  pressure  ia  lowered  '■ 

to  a   certain    point  the    pressure  of  ~-'-'  \-^_  .~7"-r — .^^ 

gas  may  exceed  it,  and  rush  out,  with     ^la.  409.— Gaa  vent  or  '  blower  ' 
dangerous  consequences  if  any  naked 

light  be  near.       A  case  of  this  kind  occurred  at  Kiuniel  Colliery, 
Bo'neaa,  a  few  vears  ago,  whereby  two  men  lost  their  lives. 

Systems  of  Ventilation. — The  different  methods  of  accomplishing 
ventilation  arc ; — Natural  ventilation,  waterfalls,  furnace  or  steam 
jets,  reciprocating  or  displacement  machines  and  fans. 

We  have  seen  that  air  possesses  weight ;    459  cub.   ft.  of  air  at 
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0*  F.,  and  1  in.  barometric  pressure,  weigh  1*3253  lbs.  It  is  there- 
fore forced  along  a  level  road  or  to  the  dip  more  easily  than  to  the 
rise  workings,  and  this  is  well  known  in  practice,  for  with  airways  of 
equal  area  a  greater  proportion  of  air  will  find  its  way  to  dip 
workings. 

Since  air  has  weight  it  possesses  the  property  of  inertia,  which  is 
the  resistance  offered  by  a  body  to  any  force  tending  either  to  impart 
motion  to  it  or  to  influence  it  when  in  motion. 

Wlum  two  shafts  are  sunk  and  connected  by  a  passage^  and  ike 
density  {weigJu)  of  air  in  the  two  shafts  is  equals  no  current  of  air 
loill  circulatey  no  matter  what  fJieir  respective  sizes  may  be,* 

If,  however,  one  column  of  air  has  a  greater  density  than  the  other, 
then  the  heavier  column  will  overbalance  the  lighter  one  and  set  a 
current  in  circulation. 

To  cause  a  current  of  air  to  circulate,  some  means  must  be  adopted 
to  alter  the  density  of  one  of  the  air-columns.  This  may  be  done  in 
three  different  ways,  viz.,  by  expansion  in  the  up-cast ;  compression 
in  the  down-cast ;  exhausting  the  air  from  the  up-cast. 

Expansion  of  the  air  in  the  up-cast  may  be  attained  by  natural 
ventilation,  furnace,  or  steam  jet. 

(Compression  in  the  down-cast  may  be  procured  by  means  of  a 
waterfall  or  by  compressing  fans. 

Exhausting  the  air  from  the  up  cast  may  be  carried  out  by 
displacement  machines  or  by  exhaust  fans,  the  latter  being  the 
commonest  means  employed  at  mines. 

Natural  Ventilation. — A  mine  communicating  with  the  surface 
by  two  distinct  shafts,  having  air  circulating  in  them  without  arti- 
Hcfal  means,^ts  said  to  be  naturally  ventilated.  The  ventilating 
cuiTent  thus  set  up  is  caused  by  a  difference  in  pressure  between  the 
two  shafts,  itself  the  result  of  a  difference  of  temperature.  Therefore, 
to  have  a  current  of  air  circulating  naturally^  there  must  be  a  differ- 
ence  in  depth  between  the  two  shafts,  to  secure  a  (lilfSrence  in 
temperatiife  and  pressure. 

At  a  short  distance  below  the  surface  of  the  earth — 50  to  60  ft. — 
a  point  is  reached  where  the  temperature  is  constant  throughout  the 
year,  and  as  the  air  acquires  nearly  the  same  temperature  as  the 
strata,  it  also  is  nearly  uniform  throughout  the  year. 

Descending  from  this  point,  the  temperature  increases  on  an 
average  1'  F.  for  every  additional  60  ft.,  and  in  the  case  of  a 
mine  with  two  shafts  of  different  depths,  it  follows  that  there  will  be 
a  tendency  for  a  current  of  air  to  circulate  between  them.  The  air, 
in  travelling  round  the  workings,  will  also  get  heat  imparted  to  it 
by  the  burning  of  lamps  and  the  natural  heat  given  off  from  the 
strata.  Natural  ventilation  may  therefore  be  due  to  a  difference  in 
depth  of  the  two  shafts,  due  to  a  difference  in  surface  level,  or  a 
difference  in  depth  due  to  the  inclination  of  the  seam. 

♦  Coal  Mining,  by  IT.  W.  Hughes,  1899. 
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Suppose  there  are  two  shafts,  one  20  fms.  hi  depth  and  the 
other  100  fms.,  the  difference  in  depth  being  due  to  difference 
of  surface  level.  In  the  winter  time,  with  the  temperature  at  freez- 
ing point  on  the  siirface,  at  the  bottom  of  the  shallow  shaft  the 
temperature  would  be  52**  F.,  and  at  the  bottom  of  the  deep  shaft 
it  would  be  59*  F. 

Now  there  is  a  difference  in  the  depth  of  the  two  shafts  of  80 
fms.,  which  would  represent  a  column  of  air  of  that  height  above 
the  surface  level  at  32*  F.,  opposing  a  like  column  of  the  same  height 
m  the  deeper  shaft  at  a  very  much  higher  temperature,  and  therefore 
very  much  lighter.  Let  us  now  examine  the  pressure  exerted  in 
both  shafts;  the  shallow  shaft  would,  of  course,  be  the  down-cast 
in  winter,  and  the  deep  one  the  up-cast ;  the  pressure  in  the  down- 
cast would  be — 

480  ft  at  82'  F.  and  1  cub.  ft.  of  air  at  82"  F.  =  'OSll  lb. . '.  480  x  -0811  =  38'92  lbs. 
60    „     60' F.    „    1       „         „         50°  F.  = -0780  lb.  .  •.    60  x '0780=  4-68  „ 
*120    „     62' F.    „    1       „        „        62'F.  =  -0778lb.  .M20x -0778=  9-83  „ 

Total  for  down-cast =52 -93  „ 

in  the  up-cast  shaft  the  pressure  would  be 

60  ft.  at  82'  F.  and  1  cub.  ft.  of  air  at  32'  F.  =  '07  80  lb.  . '.    60  x  -0780  =  4  '68  lbs. 
640    „    69' F.  „    1        „         „         69'F.-.-0767  „  .-.540  X -0797  =  41-41  „ 

Total  for  up-cast  =46  09  „ 

The  difference  of  pressure  causing  the  current  to  circulate  will  be 
52-83  -  46*09  =  6*84  lbs.  in  favour  of  the  shallow  shaft,  which  will 
cause  it  to  be  the  down-cast  in  winter ;  while  if  we  examined  the  case 
in  the  same  manner  in  summer,  it  would  be  found  that  the  deep 
shaft  would  then  have  become  the  down-cast. 

The  weight  of  a  cubic  foot  of  air  at  any  temperature  and  height  of 

barometer  may  be  found  by  the  formula  W  =  — !!__-_ 

Where  W= weight  of  1  cub.  ft.  of  air  at  the  given  temperature. 
B— height  of  barometer  in  inches. 
^= temperature  of  air  in  degrees  Fahrenheit. 
459 = co-efficient  of  expansion. 

1*3253  =  a  constant  (459  cub.  ft.  of  air  at  0'  F.  and  1  in.  bar. 
press,  weighs  1*3253  lbs.,  and  459  cub.  ft.  of  air  at  0"  F.  and  B 
inches  of  barometric  press.  =  1*3253  x  B). 

The  more  nearly  the  two  shafts  approach  the  same  depth  or  surface 
level,  the  more  nearly  equal  will  be  the  pressure  in  both  shafts, 
causing  the  current  of  air  to  circulate,  and  hence  the  greater  likelihood 
of  it  stopping  altogether  at  times.  In  mines  where  ventilation  is 
effected  by  natural  causes,  it  is  no  uncommon  occurrence  for  the  air 

*  120  ft.  at  62'  F.  is  only  approximately  correct,  as  the  temperature  would  be 
different  at  different  points  in  the  shaft 
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in  summer  time  to  be  travelling  down  one  shaft  in  the  morning,  to 
come  to  a  standstill  in  the  middle  of  the  day,  and  circulate  in  the 
opposite  direction  in  the  evening.  In  most  mines,  therefore,  natural 
ventilation  is  totally  inadequate,  and  should  not  be  depended  on 
where  fire-damp  or  other  dangerous  gases  are  given  off. 

Waterfall  Ventilation. — To  set  a  current  of  air  in  circulation  in 
a  mine  by  means  of  a  falling  column  of  water  is  not  a  method  that 
is  very  commonly  resorted  to,  nor  is  it  to  be  recommended,  except 
j^oL^9J»ex^;eiicyjjtM;h^  as  th^  sudden  stoppage  of  a  fan.  The 
authorTias  known  cases  where^he  plan  proved,  however," of  much 
service  in  ridding  the  workings  of  a  body  of  choke-damp,  but  in  this 
case  it  was  only  adopted  as  an  auxiliary  to  the  circulation  arising 
from  natural  ventilation,  and  had  there  not  been  plenty  of  surplus 
pumping  power  to  raise  the  water  to  the  surface  again,  it  could  not 
have  been  used  at  all. 

This  method  can  only  be  used  economically  when  there  is  an  adit 
level  connected  to  the  shaft,  and  which  will  convey  the  water  from 
the  workings  without  the  employment  of  machinery. 

Furnace  Ventilation. — A  number  of  years  ago  nearly  all  collieries 
of  any  importance  were  ventilated  by  means  of  furnaces,  but  this 
system  of  ventilation  has  fallen  into  disrepute,  and  now  few  collieries, 
except  in  some  districts  iii^he  north  ^  JEiagland,  are  supplied  with 
air  in  this  manner ;  anS'the  employment  of  funiaces  for  this  purpose 
is  within  measiirable  distance  of  ceasing  altogether,  as  it  has  little 
to  recommend  it. 

The  action  of  the  furnace  is  very  simple.  The  current  of  air,  in 
passing  over  the  fire,  is  heated,  which  causes  it  to  expand,  and  its 
density  being  lessened,  it  can  no  longer  resist  the  pressure  of  the 
denser  and  heavier  column  of  fiolH  fi^r_hphind  Hence  it  is  continu- 
'6usly  driven  forward  into  the  up-cast  shaft,  and  a  current  thereby 
established,  while  the  higher  the  temperature  of  the  heated  air,  the 
greater  will  be  the  quantity  that  will  pass  over  the  furnace. 

The  power  of  a  furnace  therefore  depends  on  the  amount  of  heat 
which  it  can  communicate  to  the  current  of  air;  and  as  the 
efficiency  of  a  furnace  depends  on  what  is  known  as  the  height 
of  the  motive  column,  it  necessarily  follows  that  the  greater  the 
depth  of  the  up-cast  shaft,  the  greater  will  be  the  quantity  of  air 
passing.* 

The  motive  column  is  a  head  of  air  of  the  down-cast  temperature 
and  of  such  a  height  that  it  will  equal  the  fUfference  of  the  weight 
between  the  air  in  the  down-cast  and  up-cast  shafts ;  or  simply,  it  is 
the  diflference  in  height  between  two  air  columns  of  different  tempera- 
tures due  to  their  different  densities.  The  motive  column  can  there- 
fore be  expressed  in  tenns  of  its  height  in  lineal  feet  and  inches,  in 
terms  of  ventilating  pressure  expressed  in  lbs.  per  square  foot,  and  in 

*  In  furnace  ventilation  the  quantity  passing  varies  as  the  square  root  of  depth 
of  up-cast  shaft. 
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terms  of  ventilating  pressure  represented  by  inches  of  water  gauge, 
each  of  these  terms  being  convertible.  The  following  formulae  will 
show  how  the  motive  column  may  be  expressed  in  each  of  these 
terms : — 


Let  M  =  height  of  motive  column  in 

feet 
P= pressure  in  Ihs.  per  sq.  ft. 
A = motive  column  in  inches  of 

water  gauge. 
D= depth  of  up-cast  in  feet. 


rf= 


»f 


down-cast  in  feet. 


^  =  absolute    temperature    of    air    in 
down-cast  shaft.  * 

^= absolute  temperature  of  air  in  up- 
cast shaft. 
tr,= weight  of  1  cub.  ft.  of  air  at  32 
Fahr.    and  30    ins.    barometric 
pressure  (14*7  lbs.  per  sq.  in.). 

p= weight  of  1  sq.  ft  of  water  1  in. 
deep  (5*2  lbs.). 


Then       M  =  D 


—  n    ^  ~  'i 


—  •^n  ^"^1 


P  =  M7D 


h  =  wD 


(1) 
(3) 
(6) 


orM  =  --      . 
w 

or  P  =  M  X  «7 

M  xtr 


or  h= 


(2) 

W 
(6) 


Example. — If  two  shafts  are  each  100  fras.  deep,  and  the  temperature  of  the  air 
in  the  furnace  shaft  is  at  160°  F.,  while  in  the  other  or  down-cast  shaft  it  is  at 
60**  F.  f  what  would  be  difference  of  pressure,  and  what  height  of  water  gauge 
would  this  represent? 

Taking  formula  3  we  have  the  difference  of  pressure  : — 

P= -080728x600  (460  +  160)- (460  + GO) 

460  +  160 
620  -  620 


=  48-43 


=  48-48 


620 


100 


620 
=  7*8  lbs.  per  sq.  ft. 

and  the  height  of  water  gauge 

A-^  =  l-5in8. 
5-2 

These  results  are  only  approximately  correct,  as  the  weight  of  a 
cubic  foot  of  air  is  taken  at  32'  Fahr.  and  14*7  lbs.  pressure  per  sq. 
ft. ;  to  get  it  mathematically  correct  the  weight  of  a  cubic  foot  of  the 
air  would  have  to  be  calculated  for  each  shaft  and  the  average  taken, 
but  the  difference  is  so  small  that  this  may  be  neglected. 

Example, — If  the  temperature  of  the  down-cast  shaft  is  50**  Fahr.,  the  depth  of 
the  up-cast  shaft  300  yds. ,  what  would  the  temperature  require  to  be  to  give  a 
water  gauge  of  2  ins.  t 


*  Zero  on  the  absolute  scale  may  be  taken  as  -  492*  Fahr.  (460  +  32)  below  the 
melting-point  of  ice). 
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By  formula  5  we  have 

and  transposing  we  have 
Substituting  now  the  values  we  have 

^    ^  '       0-080728x900 

^  72-65 

Transposing  we  have 

(<a- 510)  X  72-65  =  4784 +  10-4ti 
and 

72-65^- 37051  •5  =  4784  +  10-4<2 
72  -65^  - 10  -4^ = 4784  +  37051  '5 
62 -25^ =41835 -5 
.     .  _  41 835 -5 
••   ^""62^25" 
or 

=  672"*  absolute 

672-460  =  212'  F. 

Taking  the  first  example  to  find  the  motive  column,  we  have 

M  =  600  ,^^-^^-=96-9  ft. 
160  +  469 

and  ;?=Mxt«;=96'6x  0*08072  =  7  "82  lbs.  per  sq.  ft.,  the  same  as  before. 

The  water  gauge  may  also  be  expressed  in  terms  of  the  motive 

column,  h  —  — -^r-  •     It  will  be  observed  that  the  motive  column, 

5*2 

as  ascertained  by  the   above  formula,  is  at  the  temperature  of  tlie 

down-cad  shafts  and  at  a  pressure  of  14*7  lbs.  per  sq.  in.     Now  it 

is  evident  that  if  *  motive  column  '  is  to  be  used  as  an  expression  of 

ventilating  power,  the  motive  column  of  each  mine  must  be  reduced 

to  some  definite  standard.     This  standard,  as  given  by  Mr  Atkinson, 

is  the  temperature  of  32'  F.  and  14*7  lbs.  per  sq.  in.  atmospheric 

pressure;    therefore,   to   ascertain   the   motive   column   under    any 

conditions  of  temperature  or  pressure,  and  reduced  to  above  standard, 

the  formula  will  become 

\  /l'3'^53xB\     /l-3263xB\  j 
S=]V  459+^j    /     \^459+^    Hd  .         .         .     (7) 

(  -080728  ) 

where  S  =  standard  motive  column 

B  =  height  of  barometer  in  inches 
tj  =  temperature  of  down-cast  shaft 
t2=  „  up-cast         „ 

D= depth  of  up-cast  in  feet. 
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The  horse  power  expended  in  furnace  ventilation  may  be  found  by 
the  formulae 

^*^'"  83000 ^^^ 

^'^"~     38000 ^^^ 

or 

f  /I  '8253  X  BA     /1-8258  xB^\\ 

h.p.=qd4  V <i      /   V      ^      y  t  .      .      .  (10) 

I  83000  J 

When  Q  =  total  quantity  of  air  glowing  in  cub.  ft.  per  minute. 

B,  and  63= height  of  barometer  in  up-cast  and  down-cast  shafts  respectively. 

As  already  stated,  the  efficiency  of  a  furnace  depends  on  the  height 
of  the  motive  column ;  therefore,  the  greater  the  depth  of  the  up- 
cast shaft,  the  greater  will  be  the  total  quantity  of  air  passing.  The 
quantity  of  air  given  by  a  furnace  also  varies  as  the  square  root  of 
the  depth  of  up-cast  shaft,  and  also  approximately  as  the  square  root 
of  the  difference  of  temperature  between  the  up-cast  and  the  down- 
cast shafts.  For  instance,  if  the  depth  of  an  up-cast  shaft  is  25 
fms.,  and  suppose  it  increased  in  depth  to  100  fms.,  then  the  increased 
efficiency  would  be  in  the  ratio  of 


V26 
5 

or    1 


Vioo 

10 
2 


Hence  an  up-cast  shaft  100  fms.  deep  would  give  twice  the 
quantity  of  air  that  one  25  fms,  would  give,  all  else  being  constant. 

Take,  again,  the  temperature ;  suppose  the  mean  temperature  of 
the  down-cast  is  60*  F.  and  the  up-cast  85'  F.,  and  assume  that  the 
latter  temperature  has  been  increased  to  160*  F.,  then  the  quantity 
of  air  passing  will  be  in  the  ratio  of 


V86^60 

=     V26 

6 

or    1 


V160  -  60 

VIOO 

10 

2 


Hence  the  quantity  of  air  will  be  doubled. 

Again,  the  efficiency  of  a  furnace  varies  directly  as  the  fuel 
consumption,  therefore  the  horse-power  for  a  given  fuel  consumption 
varies  inversely  as  the  depth,  and  may  be  shown  as  follows  :— ^ 


of  shaft  in  ft. 

per 

Fuel  consumed 
horse-power  per  hour. 

250  ft 

96  lbs. 

600  „ 

48    „ 

1000  „ 

24    „ 

1600  „ 

16    „ 

2000  „ 

12    ,. 

3000  ,, 

8    „ 

4000  ,. 

6    .. 

24 
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This  table  shows  that,  before  a  furnace  can  become  as  efficient  as 
an  engine  working  a  fan,  in  regard  to  the  fuel  consumed,  the  shaft 
would  require  to  be  nearly  3000  ft.  deep,  as  an  engine  for  driving  a 
fan,  if  in  good  condition,  should  not,  on  an  average,  consume  more 
than  8  to  10  lbs.  of  coal  per  horse-power  per  hour. 

The  difference  in  cost  and  upkeep  between  a  fan  and  furnace  plant, 
both  dealing  with  the  same  quantity  of  air,  may  be  taken  as 
under : — 


(1)  FanSt  etc. 

Approximate 
Price. 

Two  double- flucd  Lanca- 
shire boilers  80  ft  x 
7J  ft, .        .        .        .  £760    0    0 

Guibal  &n  40  ft  x  12  ft 
(82  to  85  revs,  per 
minute),  with  engine 
complete,     .        .        .  1100    0    0 

Buildings,  forenginehouse, 
fan  casing,  etc. ,    .        .     500    0    0 

Sundries,         .        .        .     100    0    0 


(2)  Cost  of  Furnace, 

Approzimate 
Price. 
Estimate  for  building  and 

material,      .                 .  £150    0    0 
Making      '  dumb  -  drift,' 
etc 100    0    0 

Total,  £250    0    0 


Cost  per  annum  (365  days). 


Total,  £2450    0     0 


Interest  on  £250  at  5  per 
con  v.,  .... 

Depreciation  at  5  per  cent. 

Repairs 

Triping,  8f  tons  per  24 
hours  at  8s.  per  ton,     . 

Attendants*  wages,  three 
men  at  8s.  6d.  each  per 
day,     .... 


£12  10 

12  10 

5    0 


0 
0 

0 


479     1     8 


191  12    6 


Cost  per  annum  (865  days). 

Interest   on   £2450  at  5 

per  cent       .         .         .  £122  10  0 

Depreciation  at  5  per  cent,    122  10  0 

Repairs,  .        .        .        .       10    0  0 

Stores,  furnishings,  etc..  .      10    0  0 
Dross  for  boilers  (3f  tons  .— ^— — 1-» 

per  24  hours  at  Is.  6d. 

per  ton),      .        .        .     102  13  1^    Ckwt      of     furnace      \iet 
Enginemen's  wages  (two  annum,        .        .        .  £700  13    9 

at  4s.  per  shift),  .        .     146    0  0      Cost  of  fan  per  annum,    .     518  13     1} 

Difference    in    favour    of 

Total,  £613  18  \\        fan,      .  .        .     187    0    7i 


Total,  £700  18    9 


If  the  item  for  euginemen's  wages  (£146)  be  omitted — and  as  at 
most  collieries  the  winding  or  other  enginemen  attend  the  fan  along 
with  their  other  duties — then  the  difference  in  favour  of  the  fan  per 
year  would  be  £333,  so  that  the  saving  per  annum  would  cover  the 
entire  cost  of  a  fan  installation  in  about  seven  years. 

The  shafts  for  which  the  plant  in  the  above  estimates  was  required 
were  125  fms.  deep.  In  a  more  shallow  mine  the  fan  would  compare 
to  even  greater  advantage. 

In  the  erection  of  furnaces  the  greatest  care  ought  to  be  taken  to 
minimise  risk  against  fire ;  the  side  walls  should  be  14  in.  to  18 
in.  thick  opposite  the  bars,  with  plenty  of  room  for  a  current  of  air 
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to  cirvu.ate  oiitside  them,  and  if  the  furnace  in  built  near  t«  a  seam 
of  coal,  it  should  be  provided  with  a  double  arch,  and  space  left 
between  for  a  current  of  air  to  circulate  through  to  keep  the  outside 
cool ;  the  space  between  the  outeide  areh  and  the  strata  being  filled 
with  sand  and  ashes,  which  are  bad  conductors  of  heat.  Fig.  410 
shows  the  construction  of  a  ventilating  furnace. 

In  mines  where  the  return  air  contains  fire-damp  in  dangerous 
quantities  it  must  not  be  allowed  to  pass  over  the  furnace,  as  it 
would  ignite  and  cause  an  explosion,  but  should  be  led  into  the 
up-cast  shaft  by  a  separate  way,  termed  a  '  dumb '  drift,  at  some 
distance  from  the  furnace  drift^  or  it  may  enter  the  sliaft  on  the 
opposite  side  from  the  furnace,  higher  up  the  shaft,  or  by  another 
seam,  or  from  the  workings  of  a  lower  seam,  if  the  furnace  be  placed 


Fio.  410. — Vsntilating  furiiace. 


far  enough  back  to  prevent  the  flame  of  the  fire  from  entering  the 
shaft  (figs.  411,  412). 

In  such  cases  the  furnace  must  be  fed  with  pure  air  direct  from 
the  down-cast,  or  from  some  section  of  the  workings  sufficiently  pure 
for  the  purpose  ;  in  either  case  the  efficiency  of  the  furnace  would  be 
greatly  reduced. 

When  such  is  the  case,  the  fire-bars  are  fitted  with  doors,  so  as  to 
force  as  much  air  through  them  as  possible,  and  in  this  way  the  air 
is  raised  to  a  higher  temperature ;  if  only  a  certain  quantity  of  air 
is  required  to  assist  combustion,  the  space  below  the  fire-bars  may 
be  fitted  with  doors,  and  the  air  brought  from  the  down-cast  in  pipes, 
the  supply  being  regulated  so  as  only  to  let  as  much  past  as  is 
necessary  to  secure  complete  combustion.  If  the  fire  burns  feebly 
from  the  presence  of  black-damp  (CO,),  a  similar  arrangement  is 
necessary. 

In  cases  where  iron  tubbing  is  used  for  lining  the  shaft,  it  ought 
to  be  protected  by  an  inside  lining  of  fire-brick  from  the  destructive 
fumes  and  heated  gases  given  off  from  the  furnace.  As  fire-brick  is  a 
bad  conductor  of  heat,  less  heat,  and  therefore  less  energy,  will  be 
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lost  than  if  the  air  were  in  direct  contact  with  the  iron  tuhbing  during 
its  passage  up  the  shaft. 

Speed  of  Air  in  Up-cast, — The  speed  at  which  the  air  travels  in  the 
up-cast  varies  very  much  according  to  size  of  the  shaft  and  the  extent 
of  the  undergronnd  workings,  and  may  range  from  20  to  50  ft.  per 


mr//m/m//.m 


4mm^ 


'/'///;//>m:^^^m/^ 


Figs.  411,  412. — Diagram  of  furnace  ventilation. 


second,  according  to  the  quantity  of  air  passing,  and  the  area  of  the 
shaft. 

The  use  of  furnaces  underground  for  ventilation  is  objectionable 
and  not  to  be  recommended,  especially  in  mines  in  whiQtySieidamp  i& 
given  off,  the  only  thing  that  can  be  said  in  their  favour  being  that 
they.  Ag»  very  much_ciieftpet^- a>s  regards  first  cost  than  fans.  They 
'  ave,  however,  many  disadvantages,  among  which  may  be  noted: — 
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The  possibility  of  an  explosion  from  a  sudden  outburst  of  gas. 

Shaft  repairs  can  only  be  carried  out  with  great  inconvenience,  if  the  up- 
cast is  used  as  a  winding  pit. 

The  expense  incurred  for  fuel  and  attendance  is  heavy  compared  with  that 
required  for  fans. 

Where  iron  tubbing,  rope,  or  iron  guides  are  used  in  shafts,  great  damage 
is  done  to  them  by  the  gases  given  off  from  the  furnaces,  and  also  by  the 
expansion  and  contraction  due  to  the  variations  of  temperature. 

The  circulation  of  air  by  means  6f  furnaces  may  become  very  unequal, 
depending  often  on  the  management  of  the  man  in  charge. 

Mechanical  Ventilation. — Mechanical  means  of  ventilation  may  be 
divided  into  two  classes,  viz. : — 

Statical  ventilators       =  Displacement  machines  or  air  pumps. 
Dynamical  ventilators = Exhausting  or  compressing  fans. 

Statical  ventilators  are  now  so  little  used  for  mine  ventilation  that 
they  need  not  be  described  here. 

&7W. — The  principle  on  which  all  centrifugal  fans  act  is  known  as 
centrif ugal^  motion.     In  the  case  of  a  fan  the  centrifugal  force  drives 
the  air' from  the  centre,  the  particles  being  revolved  in  a  circle  by  the 
fan  until  they  are  finally  thrown  off  at  a  tangent,  thus  creating  a 
partial  vacuum  at  the  centre,  which  causes  a  further  supply  of  air  to 
enter,  and  thus  establishes  a  continuous  current.     In  general,  such  \ 
ventilators  are  used  to  exhaust  the  air,  and  are  usually  pjaggd-^t  the   J— 
top  ofJJifi  .up-cast  jhaft,  but  they  may  also  be  "used  asforcing  or/ 
compressing  machines,  in'which  case  they  would  require  to  bepl^ed; 
at  the  top  of , the  down-cast.  "^ — ^""'"'^       -^ 

- -Of" centrifugal  Tcntilators  there  are  now  a  large  number  in  use,  but 
those  most  in  favour  are  the  *Guibal,*  *  Waddle,'  *Schiele,'  and 
'  Cappell '  types,  the  others  being  all,  more  or  less,  modifications  of 
one  or  other  of  these. 

Guibcd  Fan. — This  fan  is  usually  constructed  of  large  diameter,  20 
to  45  ft.,  the  width  being  ^  to  J  of  the  diameter,  while  the  central 
opening  is  about  \  of  the  diameter. 

The  Guibal  fan  works  in  a  brick  casing,  exhausting  the  air  into  an 
evas^e  chimney,  and  is  now  usually  fitted  with  a  movable  shutter  a, 
to  regulate  the  opening  for  the  flow  of  air. 

The  fan  itself  is  made  of  eight  or  ten  straight  blades,  fitted  on  to  a 
central  casting  (figs.  413,  414);  in  large  fans  the  blades  are  made  of 
wrought  iron,  while  for  small  fans,  10  ft.  or  so  in  diameter,  they  may 
be  of  wood.  The  chief  objection  to  this  fan  is  its  large  size  and  con- 
sequent heavy  cost,  and  also  the  large  outlay  for  fan  chamber  and 
foundations.  The  great  width,  moreover,  causes  a  very  heavy  weight 
to  be  distributed  over  a  long  length  of  driving  shaft,  which  can  only 
be  supported  at  each  end,  and  consequently  requires  very  heavy 
shafting,  while  instances  have  occurred  where  the  shafting  has  suddenly 
snapped,  through  the  weight.  The  Guibal  fan  has,  however,  from 
recent  experiments,  proved  to  be  a  very  efficient  ventilating  machine 
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under  widely  \-arying  conditious.  The  speed  of  the  fan  variee  with 
the  size,  a.  f&n  30  ft.  diameter  being  usually  driven  at  from  fifty  to 
sixty  revolutions  per  minute,  and  one  of  40  to  45  ft.  diameter  at  forty 
to  fifty  revolutions  per  minute. 

Waddle  Fan. — This  type  of  fan  is  of  the  large  open  running 
description,  and  is  the  best  of  this  class  of  ventilator.  It  requires 
no  fixed  casing  or  chimney,  but  delivers  the  air  all  round  its  circum- 
ference direct  into  the  atmosphere,  and  therefore  its  width  is  reduced 
at  the  periphery,  which  causes  it  to  be  very  narrow,  in  proportion  to 
its  diameter,  compared  with  the  Guibal  fan.  Its  diameter  variee 
from  20  to  50  ft.,  the  blades  a  b  being  12  in.  to  18  in.  wide  at  the 
circumference,  and  2^  to  4  ft.  wide  at  the  centre,  and  fixed  into  the 


FlQB.  413,  414.— Guibal  fco, 

uasing  c  c,  both  casmg  and  blades  revolvmg  in  one  piece  (figs.  415, 
416),  which  tends  to  reduce  the  vibration,  which  is  ao  noticeable  a 
feature  in  the  Guibal  fan.  All  the  Waddle  fans  are  now  being  made 
with  a  diverging  outlet,  i.'>.  the  two  rims  projecting  beyond  the  blades 
are  inclined  outwards.  This  tends  to  reduce  the  velocity  of  the  air 
as  it  leaves  the  circumference,  and  also  requires  less  power  to 
drive  it.  Its  speed  is  forty  to  sixty  revolutions  per  minute.  Some 
of  the  advantages  claimed  for  this  fan  are  : — 

Being  direct  driven,  it  caosea  little 
As  it  requiree  no  encloaed  cuing  oi 

fDQiuutioDs,  cto. ,  is  BnuJL 
TUB  small  cost  for  repairs 
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Bchiele  PaD.— This  fan  is  somewhat  like  the  Guib&l  iu  its  con- 
etructiou.  It  has  the  same  expanding  chimney,  but  instead  of  the 
blades  being  straight,  they  are  curved  from  the  centra,  and  the  casing 
is  open,  while  the  width  of  the  blades  is  not  the  same  throughout. 


\i 


Fias.  41G,  416.— Waddle  fan. 

but  greatest  in  the  middle,  decreasing  towards  the  centre  and  the 
tips  (figs.  417,  418).  The  air  is  taken  in  at  both  sides  of  the  fan, 
which  may  be  driven  either  direct  or  by  belting,  the  latter  method 
being  the  most  common.  In  size  the  fan  varies  from  5  to  15  ft,  in 
diameter,  with  a  width  at  the  circumference  of  1  to  3  ft.,  aod  at  the 
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centre  of  2  to  4  ft.     The  speed  varies  from  120  to  400  or  500  revolu- 
tions per  minute,  according  to  size. 
Its  chief  advantages  are  : — 

(1)  It  is  moderate  in  size,  and  occupies  little  space  at  the  surface. 

(2)  Freedom  from  vibration  and  small  cost  for  upkeep. 

(8)  The  shaft  bearings,  not  being  in  the  return  airway,  are  easier  seen 
and  more  readily  available  for  repairs. 

Oappell  Fan. — Like  the  Schiele,  this  fan  is  of  the  small  quick- 
running  type.  It  is  constructed  of  two  concentric  cylinders,  an 
outer  and  inner  one,  each  having  six  curved  hlades  or  vanes,  the 
convex  sides  of  which  are  in  the  direction  of  rotation  (figs.  419,  420). 


Fig.  417.— Schiele  fan. 

The  cylinders  (1)  contain  port-holes  (2)  between  the  two  sets  of 
blades,  the  air  passing  through  these  port-holes  between  the  inner  and 
outer  chambers  ;  the  air  is  taken  in  at  the  centre  and  thrown  off  the 
inner  blades  into  the  outer  chamber  by  centrifugal  force  at  a  high 
velocity.  It  then  strikes  against  the  outer  blades,  and  gives  back 
the  greater  part  of  the  impulse  received  from  the  inner  blades,  which 
reduces  its  velocity  when  discharged.  Velocity  imparted  to  the  out- 
going air  always,  it  should  be  noted,  diminishes  the  efficiency  of  the 
fan.* 

In  size  this  fan  varies  from  8  to  15  ft.  in  diameter,  with  a  width  of 
7  to  11 J  ft,  and  it  is  worked  at  speeds  of  180  to  300  revolutions  per 
minute.     The  advantages  claimed  for  this  fan  by  the  makers  are : — 

(1)  It  can  do  a  lai^e  amount  of  useful  work  in  proportion  to  its  size. 

(2)  Smallness  of  fan  reduces  the  capital  outlay. 

(3)  It  can  withdraw  large  quantities  of  air. 

The  latest  type  of  this  fan  is  shown  in  figs.  421,  422. 

*  Ore  and  Stons  Mining ^  Sir  C.  Le  Neve  Foster,  sixth  edition,  p.  682. 
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Walker  Fan. — This  fan  (fig.  423)  is  constructed  somewhat  like 
the  Guibal,  but  it  also  combines  other  types.  It  may  be  termed  a 
medium-sized  fan,  as  it  is  generally  from  20  to  25  ft.  in  diameter. 
It  is  built  exclusively  of  iron  and  steel.  On  the  main  shaft  are  fitted 
two  strong  cast-iron  bosses,  which  extend  lengthwise  on  each  side 
towards  the  journals,  thus  distributing  the  weight  of  the  fan  over  a 
considerable  portion  of  the  shaft.     Between  the  bosses  are  placed  two 
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Fig.  418.— Schielefan. 

discs  of  steel,  of  uniform  thickness,  bored  in  the  centre  to  fit  the 
fan  shaft.  Between  these  two  discs,  and  gripped  tightly  by  them, 
are  fixed  the  iron  arms  of  the  fan  in  pairs.  These  arms  extend  from 
near  the  axis  of  the  fan  to  its  periphery,  being  supported  half-way 
by  the  discs.  In  the  small  spaces  between  the  discs  which  are  not 
occupied  by  the  fan  arms,  there  are  inserted  annular  plates.  The 
whole  portion  outside  the  boss  is  then  securely  riveted  together. 
Angle  irons  are  riveted  to  the  fan  arms  where  they  extend  beyond 
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the  discB,  and  to  these,  eight  in  number,  are  firaily  secured  the  croes- 
section  of  the  arm  and  vane  in  the  form  of  a  letter  T,  the  top  of  the 
T  representing  the  vane  and  the  surface  prututing  ag&iust  the  atr. 
The  vanee,  which  spring  tangeutially  from  a  small  circle  concentric 
with  the  fan  shaft,  are  curved  longitudinally  to  the  arc  ot  a  circle  of 


Flos.  419,  420.— Cappell  fan. 


a  certain  radhis,  and  are  cut  away  from  the  edge  of  the  inlet  to  the 
fan  shaft  to  minimise  central  rcBistance.  It  is  very  necessary  to 
minimise  the  slipping  of  the  air  between  the  sides  of  the  vanes  and 
the  walla  ot  the  fan  chiiniber.  The  vaues  cannot  be  brought  too 
close  to  the  walls,  as,  in  tbo  event  of  any  side  movement,  they  might 


Figs.  421,  422.— Lateat^paof  Cappellbn. 


catch  and  be  injured.     This  clearance  apace  is,  therefore,  filled  up 
by  attaching  stripe  of  pliable  hoop  iron  to  the  sides  of  the  vanes. 

The  fan  is  also  fitted  with  the  Walker  anti- vibrating  shaped 
shutter.  In  the  ordinary  Ouibal  fan,  as  each  blade  or  vane  posses 
the  lower  edge  ot  the  shutter,  a  pulsatory  action  of  vibration  takes 
place.  This  vibration  is  caused  by  the  too  abrupt  cessation  of  the 
delivery  of  the  air  from  the  fan  vanes  or  blades  as  they  pass  the 
opening  to  the  chimney,  and  for  this  the  shape  of  the   regulating 
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shutter  is  responsible.  The  upper  part  of  this  opening,  formed  by 
the  shutter  as  hitherto  cotmtructed,  hiis  a  line  parallel  to  the  tips 
of  fan  vanes,  and  as  the  fan  revolves  these  lines  become  identical ; 
the  delivery  of  the  air  is,  as  a  cousequence,  abruptly  interrupted. 
While  discharging  the  air,  the  pressure  is  against  the  front  of  the 
vane,  but  immediately  the  latter  enters  the  fan  casing  the  load  upon 
it  is  suddenly  removed,  and  the  pressure,  owing  to  the  vacuum  within 
the  casing,  is  instantaneously  reversed,  and  causes  an  upward 
rebound  of  the  previously  depressed  blade,  with  the  result  that  a 
dangerous  degree  of  vibration  is  set  up.  The  Walker  anti-vibrating 
shutter,  as  attached  to  the  fan,  removes  this  evil  by  effecting  a 
perfectly  gradual  change  in  the  pressure  on  the  vanes,  and  so  governs 
the  discharge  of  the  air  as  to  cause  it  to  pass,  without  objectionable 
eddying,  in  a  continuous  stream  from  the  fan  vanes  into  the  chimney, 
instead  of  intermittently,  and  without  the  pulsatory  action  described. 


Fio.  423.— Walker  fan. 

The  shutter  is  constructed  in  sections,  any  of  which  can  be  removed 
for  the  purpose  of  adapting  the  area  of  the  opening  to  varying  duties 
of  the  fen.     The  fan  is  usually  driven  by  rope  gearing. 

Selection  of  a  Fan. — It  is  desirable,  when  erecting  a  fan  to  do  a 
given  amount  of  work,  to  select  it  so  as  to  suit  the  varying  conditions 
under  which  it  must  act.  The  height  and  condition  of  the  under- 
ground roads  are  very  important  factors  in  determining  the  type  of 
fan  to  be  selected,  also  the  amount  of  room  at  disposal  for  surface 
arrangemont« ;  but  the  principal  considerations  are  :  (1)  the  useful 
work  or  effect  given  out  by  any  fan  or  engine ;  (3)  the  first  cost  of 
fan  and  engine,  and  of  foimdatioms,  engine  house,  fan  drift,  etc. ;  (3) 
the  space  required  at  the  surface  for  fan  and  engine  houses,  etc. ;  (4) 
the  relative  economy  of  fuel  and  stores  consumed  by  the  different 
types  of  fans ;  (5)  the  coat  for  repairs  and  freedom  from  stoppages. 
and  breakdowns. 

In  coming  to  any  decision,  especially  on  the  basis  of  a  maker'& 
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estimate,  it  is  nearly  always  safe  to  make  a  deduction  of  25 
to  30  per  cent.,  taking  the  amended  estimate  of  the  useful  work  that 
will  be  performed,  for  afterwards,  in  practical  working,  it  may  be 
found  that  the  maker  of  the  fan  has  overestimated  the  merits  of  his 
machine  by  that  amount,  and  it  is  always  better  in  any  case  to  have 
a  good  deal  of  surplus  power  in  case  of  an  emergency. 

Medium-sized  and  small  fans  with  quick-nmniug  engines  are  now 
being  largely  used,  and  have  a  good  deal  to  recommend  them,  as  they 
are  economical  and  safe  in  working  and  take  up  little  space.  One 
objectionable  feature,  however,  is  the  noise  which  they  make  while 
working,  which  is  very  disagreeable,  especially  at  collieries  situated 
near  to  towns.  It  should  also  be  remembered  that  small  fans  cannot 
produce  volumes  of  air  equal  to  those  produced  by  large-sized  fans,  as 
the  orifice  of  discharge,  which  determines  the  resistance  of  the  fan  to 
the  passage  of  the  air,  must  necessarily  be  less  for  a  small  than  for  a 
large  fan.  Where  large  volumes  of  air  are  required  with  a  low  watei^ 
gauge,  a  fan  of  large  volume  will,  therefore,  be  most  suitable. 

It  is  desirable  in  most  cases,  and  in  fiery  mines  almost  indispens- 
able^JaJxaye  a  duplicate  set  of  engineg^  either  of  which  can  be  im- 
\  me3Gately  at&chea  to  tTie'fBirTTT'case  of  a  breakdown.  Sometimes 
a  duplicate  fan  is  set  up,  both  fans  being  coimected  to  the  fan-drift^ 
so  that  either  can  be  worked  separately  for  a  week  or  a  fortnight  at 
a  time.  Examples  of  these  arrangements  can  be  seen  at  Eamock 
Colliery,  Hamilton,  and  Auchinraith  Colliery,  Blantyre ;  at  the  former 
there  is  a  duplicate  set  of  engines,  while  at  the  latter  there  is  a 
duplicate  fan. 

Dimensions  of  Fan  for  a  Given  Quantity  of  Air. — This  is  not  a 
matter  that  is  very  easily  determined,  and  in  erecting  a  fan  it  is 
always  as  well  to  get  practical  details  of  the  work  performed  by 
other  fans  at  work  in  the  same  neighbourhood,  i.e.  under  much  the 
same  conditions.  Mr  A.  L.  Stevenson  says  the  actual  size  is  to  some 
extent  a  matter  of  practical  experience,  and  he  recommends  the 
following  dimensions  for  varying  volumes  of  air : — 


^ 


Under  50,000  cab.  ft.  per  minute,  30  ft.  diameter. 
50  to  100,000        „  „  35  „ 

100  to  150,000        „  „  40  „ 


Compressing  Fans. — According  to  the  Coal  Mines  Regulation  Act^ 
fans  require  to  be  placed  some  distance  back  from  the  mouth  of  the 
shaft,  and  tlie  top  of  the  shaft  ought  to  be  lightly  covered  over  to 
give  way  easily  in  the  event  of  an  explosion  occurring.  Fans,  as 
already  noted,  may  be  either  compressing  or  exhausting.  The  former 
require  less^wer  tadnr^-tbem  than  the  latter.  The  exhaust  fan 
/'  rarefies 'tTie  air  in  the  interior  of  the  mine  and  accelerates  the  escape 
^-— — Ot^as  from  the  waste  workings.  The  compressing  fan,  on  the  other 
hand,  renders  the  air  in  the  mine  denser  and  lessens  the  escape  of 
gas.     A   falling  barometer  would   intensify  the   evil   of  using   an 
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exhaust  fan  by  rarefying  the  air  to  a  still  greater  extent.  At  the 
same  time,  it  is  safer  to  employ  a  fan  which  promotes  the  escape  of 
gas  from  the  workings,  provided  there  is  an  ample  supply  of  air 
available  with  which  to  dilute  it. 

In  the  case  of  a  colliery  where  choke-damp  is  given  oflf  in  the 
workings,  it  might  be  advisable  to  use  a  compressing  fan  to  prevent 
the  escape  of  this  gas  into  the  working  faces. 

At  the  Clyde  Collieries,  Hamilton,  experiments  were  made  with  com- 
pressing and  exhausting  fans,  the  results  of  which  gave  an  apparent 
advantage  to  the  compressing  type,  but  the  experiments  were  not 
carried  out  fully  enough  to  allow  of  definite  conclusions  being  arrived  at. 

There  are  cases,  however,  where  compressing  fans  have  been  used 
to  advantage,  and  give  a  larger  gjiantity  of  air  than  an  exhaust  fan 
under  the  same  conditions.  One  such  case,  \vT[h  wHTch  the  writer  is 
acquainted,  was  at  a  small  colliery  where  there  were  two  shafts,  one 
about  90  fms.  deep  and  the  other  50  fms. ;  and  as  they  were  separ- 
ated by  a  distance  of  800  or  900  yards,  and  no  coal  was  being 
drawn  from  the  deepest  shaft,  it  was  desired  to  remove  the  fan  which 
was  on  this  pit  to  the  other  one,  to  save  boiler  powxr.  This  was 
done ;  and  when  it  was  fitted  up,  at  the  50  fms.  pit,  as  an  exhaust 
fan,  it  was  found  to  be  totally  inadequate  to  supply  the  quantity  of 
air  required.  It  was  then  altered  to  a  compressing  fan,  making  the 
deep  pit  the  up-cast,  with  the  result  that  nearly  50  per  cent,  more 
air  was  circulated  in  the  workings.  In  this  case  it  was  a  distinct 
advantage  to  have  the  fan  forcing  instead  of  exhausting  the  air ;  but 
the  superiority  of  the  compressing  fan  in  this  instance  may  have  been 
largely  due  to  the  assistance  it  received  from  natural  ventilation, 
owing  to  the  deeper  shaft  having  been  made  the  up-cast,  and  the 
apparent  inferiority  of  the  exhausting  fan  may  have  been  due  to  the 
fact  that  it  had  to  draw  the  air  from  the  deep  shaft  through  a  long 
stretch  of  old  workings.  If  a  forcing  fan  is  used,  the  down  cast  shaft 
must  be  covered  over,  which  renders  it  inconvenient  for  winding, 
pumping,  and  haulage  ropes,  etc.  Again,  in  the  event  of  an  explosion 
occurring,  the  disastrous  effects  and  force  of  the  explosion  are  nearly 
always  felt  most  keenly  in  the  down-cast  shaft;  and  if  the  ventilation 
was  carried  out  on  the  compressive  principle,  the  fan  would  in  all 
probability  be  wrecked  by  the  force  of  the  explosion,  putting  a  stop 
to  the  circulation  of  air  when  it  was  most  required.  On  the  other 
hand,  with  an  exhausting  fan  placed  on  the  up-cast  shaft,  an  ex- 
plosion might  occur  and  the  fan  remain  intact,  which  is  a  great 
advantage  under  such  circumstances.  Taking  everything  into 
account,  and  the  fact  that  the  great  majority  of  collieries  are 
ventilated  on  the  exhaustive  principle,  it  would  appear  that  the 
exhausting  fan  is  the  most  suitable  for  general  colliery  work. 

JSquivalent  Orifice. — The  theory  of  the  equivalent  oriKce  of  a  mine  was  first 
investigated  by  the  French  engineer  M.  Margue,  and  may  be  stated  thus  : — The 
air  {Missing  through  the  workings  or  a  mine  meets  with  a  certain  amount  of  resist- 
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ance.  If  we  imagine  that  all  the  air  is  entering,  not  through  the  mine  workuun, 
but  through  an  orifice  or  aperture  in  a  thin  plate,  then  the  equivalent  orifice  for 
any  mine  would  be  the  a)>erture  in  that  plate,  of  an  area  such  thcU  a  resistance 
would  be  offered  to  the  entrance  of  the  air  eqtlaX  in  amaxint  to  thai  caused  by  the 
mine  workings. 

If  we  call  Q  the  quantity  of  air  in  tliousands  of  cub.  ft.  per  minute,  h  the 
water-gauge  in  inches,  and  A  the  area  of  equivalent  orifice  in  sq.  ft,  then 

^=  v^: ^^^ 

Q  =  ^^^^ (b) 

^     0-37  ^  ^ 

VA=?^,  or;*  =  0-1869/'5y     .         .         .         .     (c) 

or,  assuming  the  normal  densities  of  the  air  and  water  to  be  in  the  ratio  of 
1*2  :  1000,  and  Q  as  before,  =  the  volume  of  air  in  thousands  of  cubic  feet  per 
minute  ;  h  =  inches  of  water-gauge,  then 

A  =  0-408-^. 
ts/h 

Qtiantity  of  Air  delivered  by  a  Fan. — The  quantity  of  air  delivered  by  a  fan  is 
not  easy  to  ascertain,  as  no  two  fans,  even  of  the  same  make,  will  give  the  same 
quantity,  even  when  tried  under  the  same  conditions.  A  great  dead  depends  on 
tne  condition  of  air-courses,  type  of  fan,  etc. 

The  height  of  the  motive  column  H  in  feet  of  air,  produced  by  a  difference  of 
temperature  or  by  mechanical  means,  is  the  cause  of  air  currente  circulating  in 
mines,  and  the  velocity  of  such  air  currents  (provided  there  is  no  resistance  or 
friction)  would  be  equal  to  that  acquired  by  a  Dody  falling  from  the  same  height 

as  that  represented  by  the  motive  column  v  —  'sf2gKf  and  therefore  the  theoretical 
volume  01  air  passing  through  any  opening  (equivalent  orifice)  of  area  a  will  be 

V  =  m,  but  as  v  =  V2j/H    . '.  Y=a^2gR  ; 

butH=^    .-.  V=a.A/2<7— =  aV2u« 
9  ^9 

The  theoretical  volume  produced  per  second,  allowing  for  the  action  of  the  vena 

conlracta,  will  be 

V  =  0-66a;v^2^. 

Applying  this  to  a  fan  with  a  tangential  velocity  in  feet  per  second  =  u,  and 
a  manometirical  efficiency  =  K, 

then  V  =  '66a  x  ^J2i^x  K. 

or  if  Q=:  total  quantity  of  air  in  cubic  feet  per  minute, 
<f= diameter  of  fan  in  feet, 
R= revolutions  of  fan  per  minute, 

u  =  tangential  speed  of  fan  in  feet  per  minute— <2  x  3*1416  x  R, 
a  =  equivalent  orifice  of  mine  in  square  feet, 
K= coefficient  representing  the  manometrical  efficiency, 
0*65= coefficient  of  the  vena  eontractaj 

then  Q=0-66a\/2(d  x  »  x  R)2  x  K  =  0-65  x  1-41»,  a,  d,  R,  K 

=  2-88  a,  d,  R,  K 


or    d  = 


Q 


2-88  a,  R,  K 

Example, — What  would  be  the  total  quantity  of  air,  in  cubic  feet  per  minute, 
produced  by  a  Guihal  fan  35  ft.  diameter  and  moving  at  a  speed  of  40  revolutions 
per  minute  ;  the  equivalent  orifice  of  the  mine  being  30  square  feet,  K  being  =  *69 

Q  =  2-88x30x35x40x  '69 
=  83,462*40  cubic  feet  per  minute. 
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EoMLmpU.  —What  size  of  fkn,  making  sixty  revolutions  per  niinutt*,  and  giving 
an  efficiency  of  60  |)er  cent.,  would  be  reaaired  to  pass  60,000  cub.  ft.  of  air  per 
minute,  the  equivalent  orifice  of  the  mine  being  20  sq.  ft  ? 

This  problem  may  be  worked  out  in  two  different  methods,  but  we  may  proceed 

0-37Q 
by  the  formula,  a=-    .^  • 

To  find  the  water-gauge — 

0-37  X  5222? 

20=        -jl^^     .•.20VA  =  22.20and/.  =  (^g7=l-28ins. 

We  may  find  the  velocity  of  the  periphery  of  the  fan  by  formula  h  =  '00045  %i\ 
Then 

1  -23=  'OOOISw^  or  w«=  -      '-  and  m  =  62 '82  ft.  per  second. 

•00045  * 

As  the  fan  is  making  sixty  revolutions  per  minute,  the  diameter,  supposing  its 
efficiency  to  be  100  per  cent.,  would  be 

17x60  52-32x60 


R  X  314i6'"60  X  3-1416  X -69 


=  24-22  ft. 


But  the  fan  has  an  efficiency  of  60  per  cent  only,  and  allowing  '69  for  mano- 
metrical  efficiency, 

.-.  the  diameter =^?^-^^  =  40  ft, 

60  X  -69 

so  that  to  pass  a  volume  of  60,000  cub.  ft  {ler  minute,  with  an  equivalent  orifice 
of  20  sq.  ft.,  we  would  require  a  fan  40  ft  diametw,  making  sixty  revolutions 
per  minute. 

Working  it  out  by  the  more  direct  formula  given  above,  we  have 

d= ?2??? =25  ft 

2-88x20x60x  '69 

and  allowing  for  40  per  cent  in  loss  of  efficiency 

^^25  X  100^4^  .gf^ 

60 

It  should  be  remembered  that  these  formulsB  only  give  approximate 
results  and  are  not  mathematically  correct.  A  more  exact  approxi- 
mation of  the  actual  volume  of  air  produced  by  a  fan  would  be 
found  by  the  formula 

where  a  =  equivalent  orifice  in  sq.  ft.  and  0  =  orifice  of  discharge  of 
the  fan  in  sq.  ft.  or  an  orifice  representing  the  difficulty  of  the 
passage  of  the  air  through  the  ventilator. 

The  value  of  0  is  a  variable  quantity,  depending  on  the  equivalent 
orifice  and  the  water-gauge,  and  may  be  found  from  the  expression 

h,  a  IiOt 

^'  =  h-}^=0(mi5u^K-h'  ''*"*^''»  ^'"^  respectively  the  theo- 

retical  and  observed  water-gauges.* 

*  Students  who  desire  a  fuller  treatment  of  fan  ventilation  should  consult 
Theories  and  Practice  of  Centrifugal  Machines ^  by  D.  Murgue  (E.  &  F.  N.  Spon, 
1883). 
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The  wtitergange  (theoretical)  that  can  be  obtained  from  a  perfect  fan  may  be 
found  from  the  formula  h=  -  ,  where  A = ventilating  pressure  in  height  of  air 

column,  and  v^  =  velocity  of  periphery  of  fan  in  feet  per  second. 

Take  the  speed  of  fan  periphery  at  90  ft.  per  second,  h=—-  =  253*12  feet,  and 

with  a  column  of  253*12  ft.  of  air,  say  at  70**  F.  and  30  in  bar.,  the  pressure 

=  I:??5?.^x  253*12  =  19*02  lbs.  per  sq.  ft.,  and  the  W.G.  =  1?-^  or  3*65  ins. 
70x459  r       n       J  g.2 

dx  WG 
The  same  result  may  be  arrived  at  by  the  formula  A=   -  , 

^  ^  d,  X 12 

where  h  is  the  height  of  motive  column  as  before ;  W.G.  the  height  of 
water-gauge  in  inches ;  d  the  density  of  water  =  1000 ;  and  d^  the  density 
of  air  1  '2. 

The  effective  water-gauge = theoretical  W.G.  xK  (or  manometrlc  efficiency) 
and  the  value  of  K  for  different  fans  varies  for  different  sizes.  The  manometrieal 
efficiency  is  the  ratio  of  the  water-gauge  observed  in  practice  to  the  theoretical 
water-gauge  deduced  from  calculation  as    shown    above,   or  by    the    formula 

h  =  -7^  ;  w  being  the  weight  of  1  cub.  ft.  of  air  at  temperature  of  shaft 

Relatively,  the  value  of  K  for  Guibal  fans  is  '69,  that  for  Waddle  fans  '60,  and 
for  Schiele  fans  *50. 

In  fans  of  the  Guibal  type  the  ouUiuU  water-gauge  is  often  more  than  the 
theoretical  W.G.  (from  ^  to  i),  but  this  is  not  always  the  case,  as  it  is  some- 
times less. 

The  amount  of  useful  effect  produced  by  a  fan  is  found  by  carefully  measuring 
the  quantity  of  air  put  in  circulation  and  measuring  the  water-gauge  ;  the  U.P. 

.    .,      .      QxW.G.  x5-2 
in  the  air =-2 — ^^^^^ 

33000 

While  the  air  measurements  are  being  taken,  the  speed  of  the  fan  engine  is 
carefully  noted  and  indicator  diagrams  taken,  from  which  the  mean  effect  of 
steam  pressure  acting  in  the  cylinder  is  ascertained. 

Then  the  H.P.  of  engine  =  ^^  ^^^^^Jjl  ^ ""  ^  "^  ^ ,  where  D  is  the  diameter 

®  33000 

of  cylinder  of  engine  in  inches  ;  P,  the  effective  pressure  of  steam  acting  on  piston 
in  lbs.  per  sq.  in.  ;  L,  the  length  of  stroke  in  feet ;  and  R,  the  revolutions  of 
crank  per  minute. 

Then  the  useful  effect  of  fan  will  be  as  H.P.  in  air  :  H.P.  in  engine. 

Example, — If  the  total  quantity  of  air  (Missing  is  160,000  cub.  ft.  per  minute 
with  a  W.G.  of  2  in.,  the  fan  engine  being  20  in.  diameter  with  a  3^  ft.  stroke, 
going  at  forty  revolutions  per  minute,  with  an  effective  steam  pressure  of  40  lbs. 
per  sq.  in.,  what  would  be  the  efficiency  of  the  fan  ? 

„„   .       .       160000x2x5-2     j-^.^o 
H.P.  in  air= — — =60'42 

33000 

TT  p  :„«„„-„«_182x*7854x40x3'5x2x40_«^.oft 
rl.r.  m  engine  =  -    — —       «„«-«-pr —  =oooo, 

*  33000 

The  efficiency  of  the  fan  will  therefore  be  as  50*42  :  86  36  or  '58,  which 
multiplied  by  100  =  58  per  cent. 
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The  quantity  of  air  produced  by  a  centrifugal  ventilator,  if  the 
speed  remains  constant,  varies  (1)  inversely  with  the  resistance  of  the 
mine,  and  becomes  zero  when  the  resistance  of  the  mine  is  infinite  or 
when  the  inlet  from  the  mine  is  completely  closed ;  and  (2)  varies  as 
the  orifice  of  the  fan  (0)  or  the  orifice  of  the  mine  (a)  is  increased  or 
decreased.  The  quantity  of  air  produced  also  varies  with  the  speed 
of  the  fan,  other  conditions  remaining  constant.  The  above  formula 
also  demonstrates  that  the  quantity  of  air  produced  by  small  fans 
can  never  equal  that  produced  by  large  fans,  as  the  orifice  of  the 
ventilator,  which  measures  the  resistance  of  the  fan  to  the  passage  of 
the  air,  must  necessarily  be  less  for  a  small  tlian  for  a  large  venti- 
lator, hence  better  and  more  efficient  results  can  be  got  by  employing 
medium-sized  fans,  20  to  30  ft.  diameter,  especially  where  the  seams 
worked  are  a  fair  height  and  where  the  airways  are  of  fairly  good 
dimensions  and  can  be  kept  in  good  order. 

Speed  of  Fan. — This  will  altogether  depend  on  the  size  and  weight 
of  the  fan,  for  there  is  a  limit  to  the  angular  velocity  at  which  a  fan 
may  be  driven,  and  to  go  beyond  which  would  be  dangerous.  As  a 
rule  the  velocity  of  the  periphery  may  vary  from  90  to  110  ft.  per 
second,  the  latter  being  a  practical  limit  for  medium  or  large-sized 
fans. 

Advantage  of  Fans  over  Fumaees, — (1)  They  will  not  ignite  gas; 
(2)  are  more  under  command  and  better  suited  for  repairs ;  (3)  the 
quantity  of  air  passed  is  more  regular  and  more  easily  varied  at  will ; 
(4)  less  cost  incurred  for  upkeep  and  attendance,  and  smaller  con- 
sumption of  fuel,  stores,  etc. 

Cost  of  Fans.  —  The  price  of  fans  is  a  very  variable  item, 
but  the  following  are  taken  from  some  makers'  estimates  for  fans 
to  deliver  120,000  cub.  ft.  of  air  per  minute,  with  a  water-gauge 
of  3  in.* 

SehieU  Fan^  10  ft.  diameter,  with  engine  20  in.   diameter  x  24  in. 

stroke,  with  driving  belt,  etc. ......        £600 

IVcuLdU  Fan^  21  ft.  diameter,  with  engine  20  in.  diameter  x  21  in. 

stroke,  complete,         .......  590 

Ouibal  Faut  27  ft.  diameter,  with  engine  18  in.   diameter  x  36  in. 

stroke,  complete,         .......  350 

Chandler  Fan^  13  ft  diameter,  with  patent  silent  running  Chandler 

engine,  ........  700 

Walker's  Patent  Fan^   with  patent   an ti- vibration    shutter,  engine 

16  in.  diameter  X 14  in.  stroke,  ...  503 

Cappell  Fan,  12  ft  x  5  ft  6  in.  open  running,  with  semi-compound 

engine  16  in.  diameter  x  86  in.  stroke,  ....  360 

In  addition  to  the  above  prices,  the  brickwork  for  a  Guibal  fan  would  cost  on 
an  average  £130  to  £150,  and  that  for  a  Cappell  fan  about  £70. 


♦  These  prices  were  quoted  in  1896 ;  in  1900  they  were  20  to  25  per  cent 
higher.  At  the  present  date  (1905)  they  may  be  taken  about  the  same  price  as 
for  1900. 

25 
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Auxiliary  Underground  Fans, — In  underground  work  it  frequently 
happens  that  long  close  or  narrow  drifts  require  to  be  driven  in  the 
solid  coal  or  in  stone-work,  such  drifts  being  only  in  communication 
with  the  main  ventilating  current  at  one  end.  When  this  occurs  the 
drifts  are  difficult  to  ventilate — especially  if  they  are  long  and 
fire-damp  is  given  off — even  with  the  aid  of  an  efficient  mid  brattice. 
Under  such  circumstances  a  small  auxiliary  fan  may  be  employed  to 
assist  the  ventilation.  If  the  quantity  of  air  required  for  such  work 
is  not  large,  then  a  small  fan  rotated  by  manual  labour  may  be 
employed,  but  if  the  drift  is  of  considerable  length  and  requires  a 
larger  quantity  of  air  to  keep  it  sufficiently  ventilated,  a  fan  of  larger 
dimensions,  say  2  to  3  ft.  diameter,  will  require  to  be  used,  driven 
either  by  a  compressed  air  or  electric  motor.  The  latter  is  the 
preferable  method,  owing  to  the  ease  with  which  a  small  motor  can 
be  installed  at  any  position  desired,  and  the  higher  efficiency  which 
can  be  got  from  it,  compared  with  a  compressed  air  motor.  The  fan 
may  be  connected  to  the  drift  by  either  a  dividing  wood  or  brick 
brattice,  wooden  boxing,  or  large  sheet-iron  circular  tubes,  1^  to  2  ft. 
diameter. 

Method  of  Driving  Fans. — Fans  working  on  the  surface  may  be 
driven  either — (a),  direct ;  (b)  by  belting  ;  (c)  by  ropes. 

Large  fans  of  the  Guibal  or  Waddle  type,  which  are  run  at 
moderate  speeds,  are  usually  driven  direct ;  i.e.  the  connecting  rod 
of  the  engine  is  connected  direct  to  the  fan  shaft  through  a  crank  or 
disc,  and  this,  on  the  whole,  gives  good  results  and  saves  the  extra  cost 
of  driving  pulleys  and  belts  or  ropes.  Small  quick-running  fans,  of 
the  Cappell  or  Schiele  type,  are  usually  driven  by  belts  or  rope 
gearing,  the  latter  giving  the  best  results,  for  although  ropes  are  more 
expensive  in  first  cost,  they  wear  much  better  and  are  not  so  apt  to 
give  way  as  belting.  The  ropes  may  be  either  made  of  hemp  or 
cotton,  the  latter  being  now  largely  employed. 

Guiding  and  Conducting  the  Air  Current. — In  no  part  of  colliery 
work  does  so  much  thought  and  care  require  to  be  expended  as  in 
the  arrangements  for  guiding  and  conducting  the  diflferent  under- 
ground air  currents.  In  many  collieries  large  quantities  of  air  can 
be  measured  in  the  intake  and  return  airways  near  the  shafts,  but 
the  actual  amount  that  really  reaches  the  working  faces — the  most 
important  point — is  often  comparatively  small.  To  ensure  the 
maximum  quantity  reaching  the  working  faces,  the  main  air  current 
will  have  to  be  split  into  as  many  currents  as  are  necessary  for  each 
individual  colliery,  and  each  of  those  currents  carefully  conducted 
to  the  working  faces  by  means  of  air-crossings,  trap-doors,  bratticing, 
screens,  etc. 

Air-Crossings, — When  two  currents,  an  intake  and  return,  have  to 
cross  each  other,  an  air-crossing  will  require  to  be  constructed,  so 
that  they  may  not  intermix.  Where  the  strata  are  hard  and  free 
from  open  fissures  the  air-crossings  may  easily  be  constructed  to  pass 
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over  each  other  (fig.  424),  but  where  the  strata  are  soft  and  friable, 
an  air-croesing  has  often  to  be  built  of  brickwork  and  wood,  or 
brickwork  and  iron.  Whatever  method  is  adopted,  the  croesing 
ought  to  be  thoroughly  air-tight 


Trap-Doort. — In  all  collieries  a  number  of  trap-doois  are  required, 
either  on  the  main  roads  or  on  some  of  the  subsidiary  haulage  roada. 
As  few  doors  as  possible  ought  to  be  uaed  on  the  main  haulage  roads, 
as  they  are  often  dangerous  in  these  positions,  unless  attended  by  a 
'  trapper,'  and  they  are  also  ex- 
pensive to  keep   in  order  and 
repair,  owing  to  the  continual 
squeeze  on    the  strata,  which 
tends  to  constantly  crush  the 
frames    out    of    position    and 
shape.      Fig.    425  shows    the 
method    of  fixing  an  ordinary 
trap-door  on  underground  roads. 
The  door  is  usually  made  of 
wood,  1  to  1}  in.  thick,  hinged 
to   frames  6  or  7  in.  square.  . 
An  iron  bow  is  fixed  in  front 
for  the  tube  to  strike  and  to 
facilitate    their    passf^.      All 
doors  should  be  made  so  that 
they  will   close   automatically, 
which  can  be  easily  accomplished 


Fio.  425.  -Trai(-d<»o 


if  they  are  properly  hung  with  the  right  amount  of  '  lean-to '  at  the 
top.  Sometimes  a  weight  and  pulley  are  attached  to  trap-doois  to 
assist  in  closing  them,  but  unless  these  are  carefully  fitted  up  and 
often  examined  they  are  sure  to  get  out  of  order,  and  do  more  harm 
than  good.  Fig.  426  shows  a  very  simple  and  effective  method  of 
automatically  closing  trap-doots. 


388 


PRACTICAL  COAL-MINING. 


To  the  door  D  is  fixed  a  bar  of  wood  A^  6  or  7  in.  square,  set  at 
such  an  angle  as  to  clear  the  approaching  tubs  at  the  end  un- 
connected to  the  door.  This  end  works  on  a  roller  pulley  B,  fixed  at 
the  side  of  the  road,  and  clear  of  the  rails.  As  the  tubs  approach 
they  first  strike  the  horizontal  bar  and  gradually  push  the  door  open, 
the  sides  of  the  tub  rubbing  against  the  bar  until  they  pass  through. 
After  they  have  passed,  the  door  closes  of  itself,  the  weight  of  the 
attached  bar  of  wood  helping  to  draw  it  back.  This  apparatus  is 
easily  attached  to  any  door,  and  will  work  well  on  haulage  roads. 


Fig.  426. — Automatic  closing  door. 

especially    with    slow-speed    haulage,    without    a    *  trapper'   being 
required  to  attend  to  it. 

An  automatic  door,  such  as  is  used  for  main  haulage  roads  in  some 
districts  in  Germany,  is  shown  in  figs.  427,  428.  It  is  made  of  wood, 
covered  with  felt,  and  hinged  to  the  brickwork.  To  facilitate 
working  it  is  hung  slanting.  On  the  inside  there  is  fastened  a  half- 
hoop  of  strap-iron  a,  lower  than  the  top  of  the  tub.  Behind  the 
door  is  fixed  a  prop,  or  else  a  bolt  6,  made  of  round  bar  iron  and 
held  in  a  socket  fastened  to  the  wall.  When  the  door  is  opened  the 
bolt  is  about  4  in.  from  the  edge,  and  on  turning  engages  with  it, 
and  when  it  closes  the  bolt  hangs  down.     On  the  approach  of  the 
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tubs  the  door  is  opened  by  the  pony-driver,  and  is  caught  by  the 
bolt  6.  After  the  horee  has  passed  the  door,  the  firet  tub  presses 
against  the  hoop  a,  and  so  pushes  the  door  against  the  wall,  in 
consequence  of  which  the  bolt^  now  liberated,  returns  to  its  original 
position.  The  door  is  held  open  by  the  tubs  as  they  pass,  and  after 
tlie  passage  of  the  lost  tub  closes  of  itself. 

All   ingenious   self-closing  door,*    which    was  first    exhibited    in 


Flus.  427,  128.— AutomatiD  doors. 

working  order  at  the  Newcastle  Mining  Exhibition,  is  shown  in  figs. 
429,  430.  The  door  is  made  in  two  halves,  and  hung  by  pulleys 
which  travel  on  rails,  inclined  from  both  aides  towards  the  centre  of 
the  road,  which  allows  the  two  halves  to  come  together  by  their  own 
weight.  About  2  ft.  from  the  bottom  of  each  division,  and  attached 
to  the  edge  of  each  door,  is  an  angle-iron  a  a,  7  or  8  ft.  long,  the 
outer  end  of  this  angle-iron  being  attached  to  an  eye-bolt  fastened 
'  Tto/m.  Min.  Intt.  Scot.,  vol.  iz.  ji.  128. 


390  PRACTICAL  COAL-MINING. 

to  a  prop  e  e  clear  of  the  rails.  Ab  the  tubs  approach,  they  &r8t 
atrike  the  angle-iron,  gnujuallj  opening  the  two  leaves  of  the  door, 
which  close  again  as  the  tub 
passes  out  from  between  the 
corresponding  bare  on  the 
opposite  side.  The  door  ia 
opened  aud  shut  in  a  umtlar 
manner  when  a  tub  passes 
through  it  in  the  opposite 
direction. 

In  the  ordinary  trapdoor 
the  tubs  often  strike  very  hard, 
but  in  this  case  the  doors  are 
opened    without    shock.       On 

\niain  roads,  where  the  doors 
serve  as  the  only  partitionis 
between  the  main  intake  and 
return  airways,  there  should 
be  at  least  two  doors,  each 
separated  by  a  distance  suS- 
Cf  cietit  to  accommodate  the  fidl 

train  of  tubs,  and  permit  the 
first  door  to  close  before  the 
second  one  opens. 

Brattice.  —  In  most  under- 
ground workings  there  will  be 
certain  places  that  require  air 
conducted  to  them  by  means 
of  '  bratticing ' ;  this  is  especi- 
ally the  case  in  pillar  and  stall 
workings,  or  where  close  or 
FioB.  429,  430. — Self-closing  door.  stone  drifts  are  being  driven. 

When  a  close  or  stone  drift 
has  to  be  driven  to  any  considerable  length,  and  where  the  road  has 
to  be  divided  to  form  an  intake  and  return  airway,  the  central 
division  is  best  made  of  masonry  (fig.  431).  If  the  roof  is  good, 
and  no  great  crinih  anticipated,  a  4J-in.  brick  wall  may  suffice,  but 
it  is  best  to  build  it  9 J  to  14  in.  thick.  Sometimes  only  a  small 
brick  quadrant  is  built  in  roads  where  traffic  is  difficult,  such  as  steep 
inclines  or  low-roofed  ways  (fig.  432).  A  half  wall  may  be  built,  and 
a  longitudinal  plank  laid  on  it,  from  which  boards  arc  laid  across  to 
the  side  of  the  heading  (fig.  433),  the  seams  in  the  top  boards  being 
well  filled  with  good  clay,  or  mortar,  and  afterwards  covered  over 
with  brattice  cloth. 

Wood  brattice,  or  a  com}>inatton  of  wood  with  cloth,  is  largely  used 
for  short  distances,  such  as  occur  in  pillar  and  stall  workings. 

To  fix  the  brattice  cloth,  planks  11  in.  x  \  in.  are  nailed  along  the 


VENTILATION. 


391 


top  of  the  props  and  at  the  bottom  close  to  the  floor.  The  cloth  is 
fixed  tightly  to  these  planks,  and  also  to  the  props,  by  means  of  short, 
flat-headed  nails.  The  greatest  care  must  be  exercised  in  fitting  the 
joints  of  the  cloth,  and  in  having  such  joints  opposite  a  post,  as  well 
as  in  the  fixing,  top  and  bottom,  for  unless  this  sort  of  brattice  is  well 
fitted  together,  it  becomes  difficult  to  convey  a  current  of  air  for  more 
than  30  or  40  yards. 

In  places  where  much  fire-damp  is  given  oflF,  it  is  often  difficult 
to  keep  the  face  clear  by  means  of  brattice  at  a  distance  of 
20  yards. 

In  dividing  the  road  by  bratticing,  the  spaces  for  intake  and  return 
are  generally  of  unequal  area ;  and  in  such  cases  it  is  the  general  rule 
to  make  the  narrow  way  the  intake,  and  the  wide  tram  road  the 


Fias.  431,  432,  433.— Yentilatmg  close  drifta. 

return.  If  the  current  of  air  is  sluggish,  this  is  undoubtedly  the 
best  method,  as  by  making  the  small  area  the  intake  it  will  increase 
the  velocity,  and  a  supply  of  air  may  suffice  to  keep  the  face  clear, 
which  if  brought  in  by  the  wider  way  would  have  been  quite 
inadequate  for  such  a  purpose.  If,  however,  the  air  can  be 
supplied  in  large  quantities,  it  can  best  be  brought  through  the 
wider  way. 

In  longwall  workings,  fire-damp  often  accumulates  at  the  face  of 
the  ripping,  and  in  such  a  case  a  *  hurdle '  screen  ought  to  be  set  up 
to  clear  it  out  (figs.  434,  435).  A  hurdle  screen  is  fitted  up  by  fixing 
a  crown  or  strap  across  the  road,  and  leaving  a  space  18  in.  or  2  ft. 
between  it  and  the  roof.  Two  legs  or  props  are  set  up  to  the  cross- 
piece,  and  the  screen-cloth  firmly  nailed  to  it. 

In  all  branch  rods  of  a  longwall  working,  screens  must  be  fixed 


392 


PRACTICAL  COAL-MININQ 


to  prevent  the  air,  which  is  generally  required  to  travel  round  the 
faces,  from  passing  away,  unless  under  exceptional  ciroumBtanceo, 
Fire-damp  often  accumulates  in  the  open  spaces  between  the  packs 
in  longwi^,  and  is  often  very  troublesome.  When  this  occurs,  it  is 
cleared  out  either  by  conducting  a  current  into  such  spaces  by  fixing 
a  screen  along  the  face,  or  by  resorting  to  '  split  buildings.'  In  this 
latter  method  the  building  or  pack  wall  is  not  built  right  along,  but 
at  certain  intervals  a  space  of  2  to  4  ft.  is  left,  and  an  airway  formed 
through  the  waste,  so  as  to  clear  out  any  accumulations  of  gas  which 
may  have  lodged.  Such  airways  are  often  difficult  to  maintain 
and  keep  in  repair,  and  new  ones  will  require  to  be  opened  at  short 
intervals. 


Air  Pipes, — Instead  of  using  brattice,  wooden  boxes  or  sheet-iron 
pipes  are  sometimes  used,  and  are  very  convenient,  but  great  care 
must  be  taken  that  they  are  efficient.  Where  such  means  are  used 
the  volume  of  air  conveyed  to  the  face  may  be  sufficient  to  clear 
away  the  gas  at  the  point  of  delivery,  but  at  a  short  distance  back 
from  the  face,  where  tlie  velocity  of  air  is  much  reduced,  gas  may 
accumulate  in  dangerous  quantities. 

The  wooden  air~boiee  are  made  from  1  ft.  to  2  ft.  square,  or  even 
larger,  and  are  made  of  f  in.  boards  fitting  closely.  Sheet-iron  pipes 
from  1  ft.  to  2  ft.  diameter  are  also  used. 

Laws  affecting  the  Air  Cnir^it. — A  current  of  air,  either  on  the 
surface  or  underground,  is  produced,  as  has  been  explained,  by 
iifferences  of  pressure  or  density.     A  very  small  difference  of  pressure 

force  is  required  to  impart  motion  to  the  air,  but  a  current  travel- 
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ling  in  a  circumscribed  area  meets  with  a  very  large  amount  of  resist- 
ance, which  is  termed  friction,  and  of  the  total  force  or  pressure 
required  to  set  a  ventilating  current  in  motion  a  very  large  percentage 
is  taken  up  in  overcoming  this  friction.  Eoughly  speaking,  90 
to  95  per  cent,  of  the  actual  force  is  expended  in  overcoming  the 
resistance  met  with  in  the  workings,  while  only  5  to  10  per  cent,  of 
the  pressure  is  effective. 

If  an  air  current  in  passing  through  the  underground  workings  met 
with  no  resistance  or  friction,  it  would  flow  with  a  velocity  equal  to 
that  attained  by  a  body  falling  from  a  given  height,  and  could  be  ex- 
pressed by  the  formula  v  =  *j2gB.f  or  approximately  =  8  ^H,  where 
V  =  velocity  attained  in  feet  per  second ;  H  =  height  in  feet  fallen 
through  j  and  </  =  value  of  gravity  =  32*2.  Before  air  will  flow  from 
one  point  to  another,  there  must  be  a  difference  of  pressure  between 
the  two  points,  and  this  difference  in  pressure  can  be  measured  as  a 
head  of  air  or  motive  column  H,  which  may  be  substituted  for  the 
height,  in  above  formula,  through  which  the  falling  body  has  traversed. 
We  have  already  shown  that  a  head  of  air  or  motive  column  can 

be  expressed  in  inches  of  water-gauge  h  =    — -  ,  to  being  =  weight  of 

D'ia 

1  cub.  ft.  of  air  at  the  prevailing  temperature  and  pressure.     But 

the  value  of  w  =  — -^- and  H  =  —  :  therefore  the  pressure  in 

460  +  ^  2g'  ^ 

inches  of  water-gauge  required  to  set  an  air  current  in  motion  (with 

/1;3253^B\     t^ 

no  resistance)  will  he  h=    ^ • 

The  laws  of  air  friction  are  usually  expressed  as  follows : — 
The  pressure  required  to  overcome  the  resistance  due  to  the  friction 
of  air,  when  the  velocity  is  constant,  varies  in  proportion  to  the  sur- 
faces in  contact. 

The  pressure  per  unit  area  required  to  overcome  the  resistance 
due  to  friction  varies  inversely,  as  the  sectional  area  of  the  airway,  or 

Poo  —  . 
a 

The  pressure  required  to  overcome  the  friction  varies  in  proportion 
as  the  square  of  the  velocity. 

Assuming  that  this  latter  law  is  correct  (it  is  approximately  correct 
for  all  except  very  high  velocities),  the  force  required  to  overcome 
friction  is  expressed  by  the  formula,  F  =  ksv^. 

Where  F=foree  of  friction  measared  in  lbs. 
E= coefficient  found  by  experiment. 
S  =  total  rubbing  surEctce  of  the  airway  in  sq.  ft  =  total  length  x  the  mean 

t)erimeter  in  feet 
t;= velocity  of  flow  of  air  in  feet  per  second. . 
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But  p  =  -L,  Q  being  =  total  quantity  of  air  circulating  in  cub.  ft. 
per  second,  and  a  =  area  of  croes  section  of  airway  in  sq.  ft. 

If  we  assiune  that  the  resistance  is  overcome  by  a  head  of  air,  or 
motive  column  H,  then  we  can  also  assume  that  it  is  overcome  by  an 
urging  force  F  =  Hotr,  which  is  the  equivalent  of  this  head. 

.*.  Hatr  =  Ksf -^j  {w  being  =  weight  of  1  cub.  ft.  of  air  at  given 

temp,  and  bar.),  from  which  we  have  H  =  —  x  -^,  or  in  inches  of 

w       a' 

water-gauge  A  =  -5  x  ^..y^..  • 

k 
The  factor  —  is  determined  by  direct  experiment  in  mines. 
w 

These  arc  the  three  principal  laws  enunciated  by  the  late  J.  J. 
Atkinson,  and  two  other  laws  may  be  stated,  which  as  a  natural  con- 
sequence follow  from  them,  viz. : — 

The  power  required  to  overcome  the  resistance  to  an  air  current  in 
the  workings  of  a  given  mine  varies  as  the  cube  of  the  velocity,  and 
the  resistance  measiired  in  lbs.  per  cub.  ft.  of  air  current  is  equal  to 
the  product  of  the  coeflicient  of  friction,  the  total  contact  surface 
and  the  velocity  squared  and  divided  by  the  sectional  area  of  road,  i.e. 
^      KSV2 

a 

The  rubbing  surface  spoken  of  is  the  whole  extent  of  surface  ex- 
posed to  the  ventilating  current,  i.e.  the  roof,  pavement,  and  two  sides 
of  the  road,  the  sum  of  these  four  sides  in  section  being  called  the 
perimeter.  The  total  rubbing  surface  will  therefore  be  the  total  length 
of  airway  miiltiplied  by  the  perimeter. 

Exaynjde.^ln  the  airway  8  ft.  wide,  6  ft.  high,  and  200  fathoms  long,  what 
would  be  the  total  surface  in  contact  1 

Frictional  or  rubbing  surface  =  (8  x  2)  +  («  x  2)  x  1200  =  38,600  sq.  ft 

Since  the  pressure  increases  in  direct  proportion  to  the  length,  it  follows  that  if 
we  double  the  length  of  an  airway  the  pressure  will  also  require  to  be  doubled,  to 
maintain  the  same  quantity  of  air  in  motion  ;  or,  if  the  length  be  reduced  one-half, 
the  pressure  required  will  be  halved. 

Another  point  to  be  noticed  is,  that  the  uressure  required  to  overcome  the  re- 
sistance due  to  friction  depends  largely  on  tiie  size  and  shape  of  the  airways,  %,e, 
whether  rectangular,  square,  or  circular.  In  airways  of  each  of  these  shapes,  and 
having  the  same  area,  viz.,  78*54  sq.  ft.,  the  perimeter  of  a  circle  would  oe  31*416 
ft.,  ofa  rectangle,  26*12  x  8,  58*36  ft.,  and  of  a  square,  35*2  ft. 
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From  this  it  is  evident  that  a  circular-Bhaped  airway  presents  the 
least  area  of  rubbing  surface  of  the  three  shapes  enumerated,  and 
hence  would  oppose  the  least  resistance  to  a  current  of  air  passing 
through  it ;  but,  on  the  other  hand,  it  is  the  least  practicable  of  the 
three,  and  one  that  is  very  seldom  adopted,  except  in  the  case  of 
vertical  shafts. 

Since  the  pressure  required  to  overcome  the  friction  varies  inversely 
as  the  area,  it  follows  that  in  two  airways,  the  areas  of  which  are  as 
1 :  2,  the  pressure  necessary  to  overcome  the  friction  of  an  air  current 
in  them  will  he  or  2  : 1,  i.e.  it  would  take  a  pressure  of  1  lb.  in  the 
airway  whose  area  is  1  to  do  the  same  work  as  a  pressure  of  ^  lb.  in 
the  airway  whose  area  was  2. 

In  the  case  of  two  airways  of  equal  lengths  and  perimeters,  and 
consequently  of  equal  rubbing  surfaces,  the  velocity  being  the  same 
in  each  case,  but  having  unequal  sectional  areas,  all  the  conditions 
upon  which  friction  depends  will  be  equal,  therefore  the  amount  of 
work  required  to  overcome  friction  will  be  equal  in  both  cases. 

We  have  assumed  that  the  velocities  are  equal,  therefore  the  total 
pressure  must  be  the  same  in  both  airways ;  but  as  the  airways  have 
different  areas,  the  pressure  per  sq.  ft.  must  be  different,  and  will  be 
less  in  the  large  than  in  the  small  airway. 

Example. — In  two  airways  of  e«|ual  lenfirtbs,  one  10  ft.  x  8  ft.  and  the  other  14 
fL  X  4  ft.,  the  areas  are  as  80  :  56,  while  the  rubbing  surfaces  are  equal,  and  there- 
fore the  total  resistance  or  pressure  must  be  the  same  in  each.  Suppose  we  have  a 
velocity  of  850  ft.  per  minute  in  each  aii-way,  and  that  the  total  energy  expended 
in  overcoming  resistance  equals  120,000  ft.,  the  total  pressure  for  each  airway 

will  equal   -  ,*  -- ,  t.<j.  342*85  lbs.  ;  the  pressure  jier  sq.  ft.  will,  however,  be 

34'^*85 
different,  for  in  the  10  ft  x  8  ft.  airway  it  will  equal      "      ,  or  4*28  lbs.  per  sq.  ft, 

ov 

and  in  the  14  ft  x  4  ft.  airway  — — —  or  6*12  lbs.  per  sq.  ft,  which  is  in  the  ratio 

56 

of  1  to  1  '42.     Prom  this  it  will  be  seen  that  the  smaller  airway  requires  nearly 

half  as  much  more  pressure  per  sq.  ft.  than  the  larger,  and  that  the  pressure 

varies  in  inverse  proportion  to  the  sectional  area  of  the  airways  thiough  which  the 

currents  have  to  pass. 

The  pressure  required  to  overcome  friction  is  proportional  to  the 
square  of  the  velocity.  From  this  it  follows  that  if  the  velocity  be 
doubled,  the  pressure  required  to  overcome  the  resistance  due  to 
friction  will  have  to  be  increased  four  times;  and  if  we  halve  the 
velocity,  the  pressure  required  will  only  be  J. 

If  we  treble  the  quantity,  the  velocity  must  also  be  trebled,  which 
will  increase  the  original  friction  nine  times. 

From  the  above  laws  are  deduced  nearly  all  the  formulfie  used  in 
connection  with  problems  in  the  ventilation  of  mines,  and  of  which 
some  may  be  here  given. 

UpiA  the  pressure  per  sq.  ft,  a  the  area  of  airway  in  sq.  ft.,  s  the  total  rubbing 
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surface  of  airway,  v  the  velocity  of  air  current  in  thousands  of  cub.  ft.  per  minute, 
and  K  the  coefficient  of  friction,* 

then  (1)  pa=ksv^,       (2)  p=^  —  , 

a 

(3,    „=^.       (4)*=^ 
whiletheH.P.=3|jj;(7). 

Practical  considerations  in  reducing  Friction. — Reducing  the 
Length. — This  can  be  most  conveniently  done  when  the  airways  are 
being  constructed  at  first,  and  if  the  distance  which  the  air  current 
has  to  travel  can  in  any  way  be  reduced,  even  after  the  airways  have 
been  made,  this  ought  to  be  done. 

There  are  many  advantages  to  be  gained  by  having  airways  as 
short  as  possible,  amongst  which  may  be  mentioned :  The  smaller 
cost  and  reduced  expense  for  repairs  and  upkeep,  and  the  larger 
volume  of  air  which  can  be  obtained  by  a  given  expenditure  of  power. 
All  sharp  angles  should  be  avoided  as  much  as  possible. 

Increadng  the  Area, — As  to  increasing  the  sectional  area,  there  is 
a  practical  limit  to  which  this  can  be  done,  depending  largely  on  the 
nature  of  the  strata  through  which  the  airways  pass ;  for  sometimes 
it  is  only  with  the  greatest  difficulty  that  a  road  can  be  enlarged, 
especially  if  the  roof  or  floor  is  very  bad,  and  if  there  is  a  continuous 
crush  on  the  workings.  For  this  reason  it  is  often  cheaper  and 
easier  to  make  an  additional  airway  parallel  to  the  one  already 
existing. 

By  doing  this  the  rubbing  surface  is  doubled,  and  the  resistance  due 
to  friction  correspondingly  increased  ;  therefore  the  pressure  will  also 
require  to  be  doubled.  At  the  same  time,  however,  doubling  the 
rubbing  surfaces  has  also  doubled  the  area^  and  consequently  the 
velocity  will  be  halved^  and  the  resistance  and  pressure  reduced  to 
one-fourth,  the  decrease  of  friction,  owing  to  the  reduced  velocity  in 
the  larger  area,  being  always  much  greater  than  the  increase  due  to 
the  extra  rubbing  surface. 

Example. — If  an  airway  measuring  9  ft.  x  6  ft.  is  enlarged  to  9  ft. 
X  8  ft.,  the  area  will  be  increased  from  54  sq.  ft.  to  72  sq.  ft.,  or  in 
the  ratio  of  3  :  4,  and  the  velocity  will  be  reduced  iwfersely  in  the  same 
ratio,  I.e.  from  4  :  3,  while  the  rubbing  surface  will,  at  the  same  time, 
be  increased  from  30  sq.  ft.  to  34  sq.  ft.,  or  in  the  ratio  of  15 :  17. 
The  resistance,  however,  varies  as  the  square  of  the  velocity,  or  as 

*  For  every  foot  of  rubbing  surface,  and  for  a  velocity  in  the  air  of  1000  ft.  per 
minute,  the  friction  is  equal  to  0*26881  ft  of  air  column  of  the  same  density  as  the 
flowing  air,  which  is  equal  to  a  pressure,  with  air  at  82**  F.,  of  0*0217  lb.  per  sq. 
ft.  of  area  of  section.     This  is  known  as  the  coefficient  of  friction. 


TBNTILATION.  397 

16 : 9,  therefore  the   resiatimce,  after  increaaing   the   area,  will  be 
reduced  to  y^  of  ^  (  =  -i4ff)i  ^^^  °^'  g*'"  heing  over  one-third. 

Another  important  factor  in  limiting  the  area  of  airways  is  the  size 
of  the  shafts,  for  with  small  shafts  of  iDSuflicicnt  size  to  permit  of  the 
paasf^e  of  the  requisite  quantity  of  air,  it  is  useless  to  increase  the 
area  of  air-courses  beyond  a  certaiu  limit. 

In  making  airways  so  as  to  present  the  least  possible  resistance  the 
following  points  should  be  attended  to.  They  should  be  as  nearly  as 
possible  of  the  same  sectional  area  throughout,  have  as  few  sharp 
angles  as  possible,  and  no  side  projections  and  narrow  places  in  them. 
They  should  also  have  a  good-sized  area,  and  be  as  nearly  circular,  or, 
if  this  is  impracticable,  as  square,  as  possible. 

In  experimente  made  recently  by  D.  Murine  on  the  quantities  of 
air  passing  in  airways  of  varying  construction,  he  found  that  there 
was  a  great  deal  of  difference  in  the 
respective  behaviour  of  arched  air- 
ways, timbered  and  iin timbered 
airways  (fig.  436).  In  workings  of 
the  same  area  he  found  that  the 
quantities  passed  would  be  46,000 
cub.  ft.  per  minute  tor  arched 
airways;  36,000  for  airways  with- 
out timber;  and  32,000  for 
timbered  courses,  or  in  the  pro- 
portion of  lyV-H:l-  Headings 
of   the  water-gauge  for   the  same 

airways     with     these     quantities     """''  *;"™^r^^^""^' 
were  :— Arched  airways,  0253  in.,  Pi^     ,.  . 

airways  without  timber,  0-760  in., 

and  airways   with    timber,    1-275    in.,  or   in    the    ratio  of    1:3:5 
(approx  imately  ). 

These  results  show  in  a  very  striking  manner  the  advantage  of 
having  good  smooth  passages  for  the  air  to  travel  in,  and  that  often 
better  results  could  be  obtained  by  giving  more  attention  to  the  air- 
ways than  by  trying  experiments  with  better  ventilating  machines. 
For  the  different  airways  Murgue  gives  the  following  coefficients  of 
friction,  expressed  as  pressure  per  sq.  ft.  in  decimals  of  a  lb.  for  each 
square  foot  of  rubbing  surface  and  an  air  velocity  of  1000  ft.  per 
minute ; — 

Arched  passwes,  average  coefficients  '00171S 
Unlin«d      „  „  „        -00*94 

Timbered    „  „  „         -00821 

The  laws  of  ventilating  may  be  summed  up  and  briefly  stated  as 
follows  :— 

*  The  illnatration  is  inteaded  to  sliow  gn[)hicitlly  tlwt  the  arched  alrwa;  will 
ftaa  SB  much  air  with  the  aame  veotilating  presBura  as  either  the  uoliiied  or 
timbered  airwajri  deseiibed  on  it)  outside. 
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The  quantity  of  air  circulating  in  a  mine  is  as  the  square  root  of 
the  pressure  or  the  square  root  of  the  water-gauge  reading. 

In  airways  of  the  same  sectional  area,  and  which  vary  in  length 
only,  the  volume  and  velocity  of  air  currents  are  inversely  propor- 
tional to  the  square  root  of  their  lengths. 

The  quantity  of  air  passing  in  airways  of  different  areas  is,  other 
things  equal,  in  proportion  to  the  square  root  of  the  area  multiplied 
by  the  area  itself. 

The  resistance  varies  directly  as  the  length. 

The  pressure  required  to  propel  air  through  airways  is  inversely 
proportional  to  the  areas,  other  conditions  remaining  the  same. 

The  quantity  of  air  circulating  is  proportional  to  the  cube  root  of 
the  power  applied. 

Since  the  quantity  of  air  circulating  varies  as  the  cube  root  of  the 
power  applied,  and  as  the  number  of  revolutions  of  a  fan  vary  in  the 
same  ratio,  it  follows  that  the  quantity  of  air  circulating  at  any 
moment  depends  directly  on  the  speed  of  the  fan. 

Other  general  formulae,  as  arranged  by  Merivale,  may  here  be 
given : — 

a,  Yentilating  pressure  yaries  as  depth  of  up-cast  shaft  (in  furnace  ventilation). 
6.  Ventilating  pressure  varies  as  difference  of  temperature  between  up-cast  and 
down-cast  shafts. 

c.  Ventilating  pressure  varies  as  horse-power  of  fan  or  furnace. 

d.  Ventilating  pressure  varies  as  quantity  of  coal  burned. 

e.  Quantity  of  air  circulating  varies  as  revolutions  of  fan. 

/.  Quantity  of  air  circulating  varies  as  square  root  of  pressure. 

g,  Quantitv  of  air  circulating  varies  as  square  root  of  depth  of  up-cast  (in 
furnace  ventilation). 

h.  Quantity  of  air  circulating  varies  as  difference  of  temperature  between  u]>- 
cast  and  down-cast  shafts. 

1.  Quantity  of  air  circulating  varies  as  cube  root  of  horse-power. 

j.  Quantity  of  air  circulating  varies  as  cube  root  of  coals  bunied. 

^Splitting*  the  Air. — The  benefits  to  be  derived  by  increasing  the 
area  of  airways,  and  also  by  adding  another  airway,  have  been  already 
pointed  out.  The  latter  method  of  solving  this  problem  is  termed 
*  splitting  the  air.'  In  former  times  (and  even  in  some  collieries  at 
the  present  day)  it  was  the  practice  to  carry  all  the  air  round  the 
workings  in  one  current,  which  is  a  very  bad  method,  and  one  that 
should  be  avoided  if  possible.  The  air  should  be  taken  round  the 
workings  in  a  number  of  separate  currents,  as  only  by  this  system 
can  the  greatest  efficiency  be  obtained. 

Splitting  the  air,  as  already  shown,  increases  the  rubbing  surface, 
but  it  reduces  the  velocity  with  the  same  pressure,  and  as  the 
pressure  varies  as  the  rubbing  surface  and  the  velocity  squared,  a 
greater  quantity  of  air  can  be  propelled  by  a  given  power. 

There  are  other  advantages  gained  by  splitting  the  air,  and  venti- 
lating each  section  separately  with  main  splits,  among  which  are  the 
following : — 


VENTILATION.  899 

A  greater  tx)tal  quantity  of  air  is  got. 

By  splitting  the  air  each  section  gets  a  more  uniform  and  purer 
supply. 

A  fall  occurring  in  one  split  or  section  does  not  injure  the  others. 

An  explosion  taking  place  in  one  section  is  less  liable  to  occasion 
disastrous  effects  in  the  other  sections. 

Fewer  trap-doors  are  required  on  the  main  roads. 

To  obtain  the  greatest  possible  advantage  from  'splitting,'  the 
main  splits  ought  to  commence  as  near  the  down-cast  and  end  as 
near  the  up-cast  shafts  as  possible. 

In  *  splitting,'  the  main  current  of  air  should  never  be  split  to 
such  an  extent  that  its  velocity  becomes  insufficient  to  keep  the 
working  faces  clear  of  gas.  If  this  be  the  case,  fire-damp  or  choke- 
damp  may  accumulate,  and  render  the  working-places  dangerous. 

The  velocity  of  the  air  travelling  along  the  faces  in  fiery  mines 
where  unshielded  lamps  are  used  should  never  be  less  than  1 20  to 
150  ft.  per  minute,  nor  more  than  350  ft.  per  minute. 

In  ordinary  circumstances,  the  velocity  along  the  face  should  be 
from  2  to  3^  ft.  per  second,  in  splits  3^  to  5  ft.  per  second,  in  main 
airways  5  to  10  ft.  per  second,  and  in  shafts  it  often  reaches  20  to  40 
ft.  per  second. 

The  relative  proportion  of  air  to  be  distributed  among  any  given 
number  of  splits  will  depend  greatly  on  the  amount  of  natural  gases 
given  off,  apart  from  the  actual  quantity  required  for  men  and 
animals,  the  burning  of  lamps  and  the  blasting  of  explosives,  so  that 
in  distributing  a  current  it  is  best  to  divide  it  according  to  local 
circumstances ;  t.e.  the  section  giving  off  the  most  gas  should  get  the 
largest  supply  of  air.  The  average  quantity  allowed  by  some 
authorities  for  mines  free  from  fire-damp  is  1 50  to  200  cub.  ft.  per 
minute  per  man  and  boy,  and  three  to  six  times  these  quantities  for 
each  horse  employed  underground.  In  fiery  collieries  200  to  350 
cub.  ft.  per  minute  per  man  and  boy  ought  to  be  allowed,  and  an 
additional  quantity  for  *  scale,'  as  a  certain  proportion  never  reaches 
the  working  faces,  being  lost  by  leakage  through  defective  stoppings, 
bratticing,  and  screens.     The  above  quantities  are  only  approximate. 

For  a  fiery  mine  employing  200  men  and  20  horses,  the  quantity  required 
would  be : — 

men  200  x  860  =70,000  cub.  ft. 
horses  20  x  2100= 42,000      „         =112,000  cub.  ft.  per  minute. 

EqucU  Splits,  —  The  expression  '  two  equal  splits '  means  that  the  original 
single  air-current  has  been  divided  into  two  currents,  and  each  current  traversine 
an  airway  of  ?ial/  the  original  lensth,  but  both  with  the  same  area  as  the  originu 
one.  '  Equal  splitting '  is  more  of  a  theoretical  than  a  practical  expression,  for  to 
split  an  air  current  into  two  or  more  equal  volumes  can  rarely  be  carried  out  in 
practice,  although  in  some  cases  it  may  approximately  be  done. 

When  the  original  single  current  is  divided  into  two  equal  splits,  they  may  be 
considered  as  one  current  with  double  the  area,  but  with  the  same  rubbing  surface  ; 
likewise,  when  divided  into  three  equal  splits,  they  may  be  considered  as  one  with 
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three  times  th«  original  area  bat  with  the  same  robbing  snrfaoei     This  may  be 
illustrated  as  follows : — 

Area.  Rubbing  Surface. 

Original  airway, .                          60  sq.  ft  160,000  sq.  ft 

m-           1     T*.                         f  W)      ,,  80,000 

Two  equal  splits.                      |   ^^      '|  g^'^ 


100      „  160,000 


60      „  53,333-8 

Three  equal  splits,  {    60     ,,  68,833*3 

60      .,  63,888-3 


11 
»» 

»» 


160      „  160,000 


)»  xvrw,vww  ,, 


Example.  — If  the  total  quantity  of  air  passing  round  the  workiugs  of  a  mine  is 
20,000  cub.  ft.  per  minute  when  the  size  of  the  airway  is  8  ft  x  6  ft  and  2600  ft 
long  ;  what  quantity  will  diculate  if  the  current  is  divided  into  2,  8,  and  4  equal 
splits? 

First  find  the  ventilating  pressure  required  to  circulate  the  original  quantity 
through  the  given  airway,  by  the  formula 

^^     /  20,000  \8 

^      a  40  ^     ^ 

To  find  quantity  with  new  area,  v=      /^-  ^  ^?  ^^^  P*  ^  '^^^  ^  ^^  ^^^  same 

in  each  instance,  therefore  the  quantity  passing  in  two  equal  splits  will  be  as 
'sjoi  X  a|  :  fjoq  X  Oy  :  :  Q  :  a* 

\/8bx80 

.-.  a; =20,000  v^-:;^ 

-v/40  X  40 

=  56,682  cub.  ft  per  minute. 
The  same  result  approximately  may  be  arrived  at  by  simply  taking  the  number 
M,  of  splits,  thus  VI  X  1  :  >/2'x  2  :  :  20,000  :  a:  _ 

and  a?  =  20, 000^*^? 

l-s/l 

=  20,000x1-4142 
=  66,668  cub.  ft  _ 

For  three  equal  splits  the  quantity  a;=20,000  ?^^?=103,920  cub.  ft 

l-s/l 

and  for  four  equal  splits  the  quantity  a; =20,000  i^Lf=  160,000  cub.  ft 

Wl 

Unequal  Splitting. — ^This  expression  is  used  when  an  air  current  is  split  up  into 
a  number  of  separate  currents  each  of  which  traverses  an  airway  of  ditferent 
dimensions  and  therefore  meets  with  a  varying  amount  of  resistance. 

If  there  are  a  number  of  splits  of  unequal  area,  subject  to  a  common  pressure, 
the  quantities  of  air  that  will  pass  in  each  are  in  proportion  to 

_1^ 

a  V    S 
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whore  R=relatiy«  anantity  of  air  passing  into  each  airway. 

«= total  raboing  surface  in  sq.  ft.  of  each  airway, 
a = area  of  each  airway  in  sq.  ft. 

Example.— An  airway  7  ft.  x  9  ft.  x  1200  ft,  through  which  80,000  cub.  ft.  per 
minute  is  {lassing,  is  divided  into  three  unequal  splits  of  the  following  dimensions : 
first  split,  6  ft.  X  7  ft.  X  1200  ft.  ;  second  split,  6  ft  x  6  ft  x  900  ft.  ;  third  split, 
6  ft.  X  4  ft  X  840  ft  With  the  same  total  volume,  what  quantity  will  pass  in 
each  airway  t 

Let  Bj,  R],  and  R,  denote  the  relative  quantities  going  into  each  airway,  then 

by  the  formula  RsrW-^s, 

R.  -     /   (g  ^7")' "  ^     /74;088  _ ,  - . 
^  "  V  (26  X  1200)     V  31  ,:>00 


^~V  (24x900)  "V  21.600 
^-V(20-x840y"V  167800"^  ^^' 


These  relative  quantities  show  that  for  every  1  '54  cub.  ft.  going  into  the  first 
split,  1  *47  cub.  ft.  will  be  going  into  the  second,  and  0*90  cub.  ft  goln<r  into  the 
third  split 

Let  the  total  relative  quantity  be  denoted  by  R4, 

then  R4=  Rj   +  Rg  +  R3 

=  1-54 +  1-47 +  0-90 
=  8-91 
The  total  volume  x^  going  into  the  first  split  will  be  as 

R4  :   Ri     :  :        Q     :  x^ 
3-91  :l-54  :  :  80,000  :  x^ 

...  3^^80,000  xl-54^3^^gQQ  ^^^  ^  p^j.  min^t^ 

3*91 

For  second  split 

3*91  : 1-47  :  :  80,000  :  sBj 

.,         80,000  X  1-47^3Q  Qyg.yg  ^^^  ^         minute. 
^  8*91 

For  third  split 

8-91  :0-90  ;  :  80,000  :  ^-3 

80,000  xO'90^.^g4^g  ^^^  ft.  per  minute. 
*  3*91  ^ 

31,608  +  30,076  +  18,416=80,000  cub.  ft. 

The  relative  pressure  or  power  required  to  pass  the  same  quantity  of  air 
through  airways  of  varying  area  and  length  may  be  found  by  the  formult 


S\a/  orSf-—)   where 


A  -  area  of  roadways  in  sq.  ft.        S = Total  rubbing  surface  in  sq.  ft. 
rt=  ,,  ,,  R= Relative  quantity. 

26 
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Instrnments  used  at  Collieries. — Tliemuymeter. — A  thermometer 
consists  of  a  closed  glass  tube,  with  a  capillary  bore  in  the  upper 
part^  and  a  bulb  below  containing  mercury  or  spirits  of  wine,  and 
provided  with  a  graduated  scale  having  two  fixed  points,  viz.,  freezing 
point  and  boiling  point.     There  are  three  different  kinds  of  thermo- 

metiic  scale  adopted  for  recording  the  tempera^ 
ture,  viz.,  the  Fahrenheit,  Centigrade,  and 
Reaumur. 

R^umur  divided  the  space  between  the 
freezing  and  boiling  points  into  80  equal  parts, 
but  there  is  no  good  reason  why  he  should  have 
preferred  80  over  any  other  whole  number. 
This  scale  is  much  used  in  Italy,  Russia,  and 
some  parts  of  Germany.  Celsius,  a  Swede, 
divided  his  thermometer  scale  into  100  equal 
parts  between  the  boiling  and  freezing  points : 
his  scale  is  known  as  the  Centigrade,  and  it  is 
used  in  France  and  other  countries  of  Europe, 
and  is  also  being  largely  used  in  Britain  among 
scientific  men. 

In  Fahrenheit's  scale  the  space  between  freez- 
ing and  boiling  points  is  divided  into  180  equal 
parts,  and  he  fixed  his  freezing  point  32**  above 
zero.  This  scale  is  the  one  most  commonly 
used  in  Britain. 

By  the  use  of  this  instrument  we  are  able  to 
measure  the  temperature  of  the  air  in  the  work- 
ings, or  note  the  difference  in  temperature 
between  the  air  in  the  up-cast  and  dow^n-cast 
shafts. 

The  Barometer  is  an  instrument  used  for 
measuring  the  pressure  of  air.  Its  construction 
is  as  follows :  A  glass  tube  36  in.  long,  closed  at 
one  end,  is  filled  with  mercury  and  reversed,  the 
open  end  being  temporarily  closed  until  it  is 
placed  so  that  it  shall  project  below  the  surface 
of  a  bath  of  mercury  contained  in  a  reservoir. 
The  barometer  has  a  scale  fixed  to  it,  and  also  a 
sliding  vernier,  by  means  of  which  it  may  be 
read  to  the  one-hundredth  part  of  an  inch. 
£ach  inch  on  the  scale  is  divided  into  tenths,  and  the  divisions  on 
the  vernier  are  one  less  than  the  number  on  a  corresponding  length 
on  the  barometer  scale. 

A  barometer  is  of  great  use  at  collieries,  as  it  shows  the  changes 
in  atmospheric  pressure.  With  a  low  barometer  the  gas  issues  more 
freely  from  the  coal,  and  if  there  is  any  gas  lying  in  the  waste  it 
will  soon  find  its  way  into  the  working  places,  owing  to  the  reduced 
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pressnro.  It  is  impottatit,  therefore,  to  note  the  riae  or  fall  of  the 
mercury  daily  in  connection  with  fiery  coUierieB. 

By  the  C<ml  Mines  Regulation  Act  every  mine  must  be  provided 
with  a  barometer  and  a  thermometer.  The  reading  of  the  former 
should  be  noted  at  least  once  a  day,  especially  by  the  firemen  before 
going  down  to  inspect  the  workings  in  the  morning. 

WtUer-Qauge. — A  current  of  air  exerts  a  certain  pressure  during  its 
passage  from  one   point  to  another, 
which  pressure  is  usually  measured  by 
a  water-gauge  (fig,  438). 

The  construction  of  this  instrument 
is  very  simple.  It  consists  of  a  glass 
U-tube,  of  j  in.  to  1  in.  in  diameter, 
to  which  a  sliding  scale  divided  into 
inches  and  tenths  is  attached.  One 
of  the  ends  is  fitted  with  a  tube  at  a 
right  angle  with  the  limb,  which  can 
pass  into  the  intake  through  a  screen, 
while  the  other  end  is  connected  with 
the  return  current.  If  there  is  any 
difference  in  the  preeaure  between  the 
two  currents  the  water  level  in  the 
two  limbs  of  the  gauge  will  vary. 
As  1  cub.  ft.  of  water  weighs  62'5 
lbs.,  a  cub.  in.  will  weigh  '036  lb. 
In  a  tube  of  1  in.  sectional  area,  a 
difference  of  level  of  1  in.  will  repre- 
sent a  wind  pressure  equal  to  the 
weight  of  1  cub.  in.,  and,  pari 
ptuau,  to  -036  lb.  per  sq.  in.,  or 
■036xl44  =  5-2  lbs.  (approximately) 
per  sq.  ft 

The  water-gauge  thus  acts  as  a 
check  (though  not  altogether  a  very 
reliable  one)  on  the  state  of  the 
underground  airways.  If  the  latter 
remain  in  the  same  condition  for  some 
time,  and    the   ventilating  power   is 

neither  increased  nor  decreased,  then  Fio.  i38.  —  Water-g»nge. 

under    ordinary    circumstances     the 

height  of  the  water-gauge  should  not  vary.  If  the  dilTerence  in 
level  is  very  much  greater  than  usual,  it  will  probably  be  due  to 
the  fact  that  the  air  is  not  taking  its  usual  course,  owing  to  some 
doors  being  open  in  the  main  airways,  by  which  the  air  will  be  going 
direct  from  the  down-cast  to  the  up-cast  without  ventilating  the 
workings.  If  the  water-gauge  is  to  be  of  any  use  at  all,  it  ought 
to  bo  placed  as  far  back  from  the  fan  as  possible,  otherwise  it  will  be 
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impossible  to  get  correct  results,  owing  to  the  abnormtil  condition  of 
the  air  close  to  the  fan. 

Hygrometer. — The  amount  of  moiBture  in  the  air  can  be  ascertained 
by  the  uae  of  the  instrument  known  as  the  hygrometer.     It  consists 
of  two  thermometers  (fig.  439)  mounted  at  a  abort  distance  from  each 
other,  the  bulb  of  one  being  covered  with  muslin,  which  ia  kept  moist 
by  means  of  a  cotton  nick  dipping  into  a  vessel  of  water.     The  evapo- 
ration which  takes  place  from  the  moistened  bulb  produces  a  depres- 
sion of  temperature,  so  that  this  thermometer  gives  a  lower  reading 
than  the  other  by  an  amount  which  increases  with  the  moisture  of 
the  air.     The  instniment  must  be  mounted 
in  such   a   way  that  the   air   can   circulate 
freely  round  the  wet  bulb. 

By  means  of  a  formula,*  the  tension  due 
to  the  vapour  of  water  in  the  air  ia  calculated 
from  the  readings  of  the  two  thermometers. 
Tables  have  also  been  constructed,  by  means 
of  which  the  degree  of  saturation  can  be 
calculated. 

Anemometers. — To  dctetraine  the  velocity 
,  of  the  air  passing  in  underground  workings, 

it  is  the  common  practice  to  use  the  instru- 
ment  called   the  anemometer.      It  is   con- 
structed somewhat  like  a  small  fan,  with  a 
number  of  blades  or  vanes  fixed  obliquely  to 
the   axis  (see   figs.    440,   441);    when  these 
vanca  are  rotated  a  clockwork  gearing  con- 
nected to  the  axis,  which  actuates  the  pointers 
on  tiie  dial  of  the  instniment,  records,  by 
mcana  of  a  acalc,  the  velocity  in  feet  at  which 
the  air  is  travelling.      In  determining  the 
quantity  of  air  passing,  the  pointers  are  first 
brought  to  zero,  and  the  anemometer  is  held 
out  at  arm's  length  in  the  air  passage  for  a 
Fio.  ^39.— Hygrometer.        menKiired    period    of  time,   and  a  reading   is 
taken,  the  bundreds  being  read  off  the  small 
pointer,  and  the  odd  feet  read  off  the  large  one.     The  sectional  area  of 
the  pass^e  is  carefully  calculated,  and   the    total    quantity  of  air 
passing  can  be  ascertained  by  multiplying  the  velocity  per  minute  by 
the  area  in  sq.  ft. 

Coal-Dnst  and  Hethods  of  dealing  with  it. — That  coal-dust  is  an 
important  element  in  connection  with  explosions  in  underground 
workings  seems  to  be  fully  recognised  by  all  or  nearly  all  connected 
with  mining  operations.  It  is  many  years  since  this  fact  was  first 
pointed  out  and  experiments  made  by  two  eminent  authorities, 
Faraday  and  Lyell.  It  ia  over  fifty  years  ago  since  these  distin- 
*  See  Descbanel'B  yatunU  PkitosopkJ/,  p.  SSB. 
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guiahed  men  first  gave  their  opinion  on  this  muoh-dc bated  queation, 
but  it  ia  only  within  recent  years  that  much  attention  haa  been  given 
to  the  subject.  To  Mr  William  Galloway  and  the  late  Sir  Frederick 
Abel  we  are  greatly  indebted  for  the  information  we  possese  on  the 
aubject.  These  two  authorities  studied  the  question  very  closely  for 
years,  and  after  many  careful  and  comprehensive  experiments,  came 
to  the  conclusion  that  "coal-dust  is  highly  dangerous  under  certain 
conditions."  Others  have  entered  the  field  of  investigation,  and  the 
results  have  placed  beyond  doubt  the  atatement  that  coal-dust,  rather 
that]  fire-damp,  plays  the  most  important  part  in  many  colliery 
explosions. 

There  are  two  theories  held  by  mining  authorities  regarding  the 
action  of  coal-dust  in  colliery  explosions,  one  being  that  coal-dust 
alone  will  cause  an  explosion  without  any  fire-damp  being  present  ui 


Ftos.  440,  441. — Anemometer. 

the  air,  and  the  other,  that  before  coal-dust  becomes  really  dangerous 
a  certain  percentage  of  fire-damp  must  be  present  in  the  air. 

We  may  here  quote  briefly  the  opinion  of  different  authorities  who 
were  commisaioned  to  make  inquiry  on  the  aubject.  MM.  Mallard  and 
Le  Chatelier  of  the  French  Fire-damp  Commission  of  1883  rejected 
the  theory  that  coal-duat  alone  would  cause  any  serious  danger,  or 
that  any  colliery  explosion  of  importance  could  bo  attributed,  with 
any  probability  of  authenticity,  to  the  action  of  coal-dust. 

The  Prussian  Fire-damp  Commission  in  1887  came  to  the  con- 
clusion that  the  presence  of  coal-duat  in  the  complete  absence  of  fire- 
damp gave  rise  generally  to  an  elongation  or  propagation  of  the  flame 
projected  by  a  blown-out  shot  of  limited  extent,  however  tar  the 
deposits  of  dust  may  extend  in  the  mine  roads,  but  that  there  were 
certain  descriptions  of  coal-dust  which,  if  ignited  by  a  blown-out  shot, 
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would  not  only  continue  to  cany  on  the  flame,  even  to  distajices 
much  beyond  the  confines  of  the  dust  deposits,  but  would  also,  in  the 
entire  absence  of  fire-damp,  give  rise  to  explosive  results,  which,  in 
character  and  eflects,  were  similar  to  those  produced  with  some  other 
dusts  in  air  containing  7  per  cent,  of  fire-damp.* 

The  Austrian  Fire-damp  Commission  in  1891,  after  making  a  large 
number  of  experiments  with  different  coal-dusts,  found  that,  in  the 
absence  of  fire-damp,  nearly  all  kinds  of  coal-dust  could  be  ignited  by 
a  3|oz.  dynamite  cartridge  exploded  in  an  unconfined  space,  while 
many  dusts  which  were  notoriously  regarded  as  dangerous  proved  less 
inflammable  than  others  which  had  been  regarded  as  comparatively 
innocent,  the  fineness  of  the  dust  greatly  increasing  the  liability  to 
ignition. 

The  Royal  Commission  on  Accidents  in  Mines,  in  their  report  of 
1886,  were  satisfied  that  "a  blown-out  shot  in  working-places  where 
highly  infiaimnahle  coal-dust  exists  in  great  abundance^  ui^y,  even  in  the 
entire  absence  of  fire-damp,  possibly  give  rise  to  a  violent  explosion, 
or  may,  at  any  rate,  be  followed  by  the  propagation  of  flame  through 
very  considerable  areas,  and  even  by  the  communication  of  flame 
to  distant  parts  of  the  workings  where  explosive  gas-mixtures  or  dust 
deposits  in  association  with  non- explosive  gas-mixtures  exist." 

The  Royal  Commission  on  Explosions  from  coal-dust  in  mines  issued 
a  further  report  in  1894,  in  which  they  came  to  the  following  con- 
clusions : — 

(1)  The  danger  of  explosion  in  a  mine  in  which  gas  exists,  even  in  very  small 

quantities,  is  greatly  increased  by  the  presence  of  coal-dust. 

(2)  A    gas  explosion  in  a  fiery  mine  may  be  intensified  and  carried  on 

indefinitely  by  coal-dust  raised  by  the  explosion  itself. 
(8)  Ck>al-dust  alone,  without  the  presence  of  any  gas  at  all,  may  cause  a 
dangerous  explosion  if  ignited  by  a  blown-out  shot  or  other  violent 
inflammation.     To  produce  such  a  result,  however,  the  conditions  mast 
be  exceptional,  and  are  only  likely  to  occur  on  rare  occasions. 

(4)  Different  austs  are  inflammable,  and  consequently  dangerous,  in  Tsrying 

degrees,  but  it  cannot  be  said  with  absolute  certainty  that  any  dust  is 
entirely  free  from  risk. 

(5)  There  appears  to  be  no  probability  that  a  dangerous  explosion  of  coal-dost 

alone  could  ever  be  produced  m  a  mine  by  a  naked  light  or  ordinary 
flame. 

Sir  Frederick  Abel  states  that  it  requires  2  to  2^  per  cent,  of  fire- 
damp, added  to  a  mixture  of  coal-dust  and  air,  to  make  it  explosive, 
while  Mr  William  Galloway  says  that  1  per  cent,  of  fire-damp  in  a 
mixture  of  fine  coal-dust  and  air  is  sufficient  to  form  an  explosive 
mixture,  the  quantity  of  dust  constituting  a  danger  being  1  lb.  to 
160  cub.  ft.  of  air. 

These  authorities  have  been  quoted  to  show  the  difference  of 
opinion  that  exists  in  regard  to  this  important  matter.  Since  these 
reports  were  issued,  conclusive  evidence  has  been  forthcoming  that  an 

*  Final  Report  of  the  Ungliah  Commission  on  AceiderUs  in  Mines,  1886. 


VENTILATION.  407 

explosion  may  take  place  through  the  agency  of  coal-dust  alone,  as 
such  an  explosion,  attended  with  loss  of  life,  actually  took  place  at 
Camerton  Colliery  in  Somersetshire,  where  fire-damp  was  not  known 
to  have  been  present  prior  to  the  explosion.  In  this  instance  it  was 
clearly  proved  that  the  explosion  was  caused  by  a  blown-out  shot 
fired  by  two  men  who  were  repairing  on  the  main  haulage  road,  which 
was  dusty. 

At  the  West  Riding  Colliery  in  Yorkshire  an  explosion  took  place 
which  was  proved,  after  careful  inquiry,  to  have  been  caused  by  coal- 
dust  alone,  ignited  by  a  blown-out  shot. 

Before  an  explosion  can  take  place,  certain  conditions,  which  are 
fortunately  of  rare  occurrence  in  mines,  must  be  fulfilled.*  There 
must  be  sufficient  surplus  power  in  the  shot  to  stir  up  the  dust  and 
to  produce  sufficient  compression  of  the  air.  The  dust  must  be  very 
fine  and  dry ;  the  flame  from  the  explosive  must  be  one  of  very  high 
temperature  and  considerable  volume.  Possibly  the  shape  of  the 
gallery,  the  relative  temperature  of  the  air,  and  the  height  of  the 
barometer,  may  also  conduce  to  modify  or  intensify  the  effects.  From 
a  consideration  of  the  composition  of  coal-dust,  it  is  evident  that  it  is 
a  very  inflammable  substance.  Analyses  of  coal-dust  from  Ryhope 
Colliery  showed  on  an  average  21 '17  per  cent,  of  combustible  gas. 
Dust  from  Brancepeth  Colliery,!  however,  only  gave  0*76  per  cent, 
of  combustible  gas,  and  this  latter  dust  was,  notwithstanding  the 
small  percentage  of  combustible  gas  with  which  it  was  associated, 
very  sensitive  to  ignition. 

Coal-dust  is  prevalent  to  a  greater  or  less  extent  in  all  collieries, 
particularly  in  deep  and  dry  ones.  It  is  more  frequent  in  deep 
mines,  because  the  temperature  of  the  air  is  higher  in  such  mines 
than  in  shallow  ones,  and  the  air  being  warmer,  the  moisture  in  the 
atmosphere,  as  it  enters  the  workings,  is  absorbed  very  rapidly, 
causing  the  air  to  become  dry  and  favouring  the  formation  of  dust. 
Some  seams,  again,  produce  more  dust  than  others,  and  the  more 
friable  the  coal  the  more  dust  will  accumulate. 

Formation  of  Dtut. — Coal-dust  is  most  plentiful  on  main  haulage 
roads,  and  is  found  settled  on  the  roof,  floor,  sides,  and  timbers.  The 
dust  is  formed,  and  accumulates  in  a  variety  of  ways.  Thus  the 
'backs'  or  cleavages  of  the  coal  are  usually  coated  with  a  fine, 
friable,  black  substance,  which  becomes  dust  when  the  coal  is  broken 
up  by  the  miner  at  the  face,  while  the  hewing  and  filling  of  the  coal 
also  contribute  largely  to  the  formation  of  dust.  The  breaking-off^  of 
pieces  of  coal  from  the  sides  of  pillars  in  pillar  and  stall  working,  and 
the  falling  coal  from  tubs  during  haulage,  and  the  subsequent 
pulverisation  it  is  subjected  to  by  the  feet  of  men  and  horses,  and  by 
the  wheels  of  the  tubs  passing  along  the  roads  at  a  rapid  speed,  and 
the  descent  of  large  quantities  of  very  fine  dust  from  the  screens  on 

•  Trails.  Fed.  Inst.  Min.  Eng.y  vol.  vii.  p.  60. 
t  Trans.  Fed.  Inst.  Min.  Eng.^  vol.  vii.  pp.  38-38. 
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the  surface  along  with  the  air  current  descending  the  down-cast  shaft, 
also  occasion  the  deposition  of  dust. 

Methods  of  dealing  toith  Coal- Dust, — Some  means  must  be  adopted 
to  deal  with  and  render  less  dangerous  these  accumulations  of  dust, 
especially  if  iire-damp  is  given  off,  and  shots  are  being  fired  in  the 
mine.  Coal-dust  may  be  dealt  with  by  different  methods,  such  as  : — 
(a)  By  removing  it  altogether  .^^^jj^^damping  it  with  salt  or  other 
hygroscopic  substances ;  (c)  dampjngit^with  watcr^ 

Removing  the  dust  altogether  is  "mipracticaDie  m  most  collieries, 
on  account  of  the  time,  labour,  and  expense  it  would  involve.  The 
dust  that  adlieres  to  the  sides,  roof,  and  timber  is  usually  the  most 
dangerous  because  of  its  fineness,  and  even  sweeping  with  a  brush 
would  not  wholly  remove  it.  Clearing  j)art  of  the  roadway,  if  this 
can  be  thoroughly  done,  and  keeping  it  clean  and  well  watered,  may 
have  some  effect  in  checking  the  course  of  the  flame  if  an  explosion 
should  occur. 

'  Damping  the  dust  with  salt  is  carried  out  to  a  considerable  extenty 
and  is  found,  in  many  cases,  to  give  better  results  than  watering,  but 
is  much  more  expensive.  Salt  water  has  also  been  used  instead  of 
pure  water  and  gives  good  results,  as  it  keeps  the  dust  in  a  moist 
condition  longer,  and  also  tends  to  form  a  deposit  over  the  particles. 
Water  containing  clay  has  been  tried  in  preference  to  pure  water,  as 
it  has  a  binding  or  caking  action  somewhat  similar  to  that  of  salt 
water,  but  is  neither  so  easily  prepared  nor  used. 

Damping  by  water  is  the  method  that  is  commonly  used  in  most 
collieries.  The  method  of  watering  may  be  either  by  watering-carts, 
by  automatic  watering-tanks,  or  by  pipes.  Sometimes  when  a  water- 
ing-cart is  used  it  is  provided  with  a  revolving  brush,  driven  from 
the  axles,  which  sprays  the  water  all  round,  sprinkling  the  roof,  floor, 
and  sides,  and  is  much  more  effective  than  the  common  watering- 
cart  (see  fig.  442).  Automatic  tanks,  with  pumps  attached,  and 
worked  by  cranks  from  the  axle,  have  also  been  used.  Watering  by 
means  of  pipes  is,  however,  the  method  that  is  most  in  use,  and  is  no 
doubt  the  most  effective. 

A  simple  and  serviceable  arrangement  is  to  lead  a  line  of  pipes 
about  1^  in.  or  2  in.  diameter  along  the  side  of  the  road,  and  have 
taps  which  can  be  connected  to  a  rubber  hose  with  a  *  rose '  set  so  as 
to  allow  the  water  to  escape  in  a  spray,  placed  at  intervals  of  40  or 
50  ft.  The  rubber  hose  should  be  20  or  25  ft.  long,  so  that  a  length 
of  40  to  50  ft.  may  be  watered  each  time  it  is  connected  to  the 
water  pipes.  The  supply  of  water  is  usually  obtained  by  connecting 
the  pipes  to  the  pumping  set  in  the  shaft,  or  to  some  tank  placed  so 
as  to  afford  the  required  pressure. 

In  some  collieries  the  water  is  allowed  to  issue  from  small  jets  in 
the  form  of  very  fine  spray,  at  high  pressure,  in  the  intake  air 
currents,  and  is  carried  along  to  moisten  the  floor,  roof,  and  sides. 
This   method   has   the   further  advantage   of  keeping  the  air  cool, 
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and  does  not  injure  the  floor  so  much  as  watering  by  a  water-cart 
would  do. 

Water  combined  with  compressed  air  has  also  heen  successfully 
employed  for  laying  the  dust,  and  is  also  effective  in  keepbg  the 
air  cool.  What  is  known  as  Martin  and  TumbuH'a  system,  which' 
is  extensively  used  in  the  South  Wales  coal-field,  is  probably  the 
best  method  of  applying  compressed  air  and  water.  Where  com- 
pressed air  is  used  for  power  purposes  in  the  mine,  the  air  in  the 
spray-producer  is  taken  from  the  compressed  air  main  by  a  J-in. 
wrought-iron  tube  to  the  producer,  which  is  generally  fixed  in  the 
centre  of  the  roadway.  A  water  main  is  carried  parallel  with  the 
air  main,  and  from    it   to   the   same   producer   another  ^-in.    tube 


Fio.  412.— Water-oaii. 

conveys  the  water.  Immediately  before  entering  the  spray-producer 
the  air  and  water  pipes  are  united.  The  air  passes  through  a  conical 
uoiizlc,  whilst  the  water  issues  through  a  similar  orifice  around  the 
conical  water  uokkIc,  where  they  are  united  in  one  stream. 

Fig.  443  shows  the  arrangement  of  this  appliance  in  elevation. 
The  compressed  air  main  A,  and  the  water  main  pipe  B,  are  laid 
parallel  with  one  another,  preferably  at  one  side  of  the  road.  At 
any  desired  inter\'als  in  these  mains,  branch  pipes  a  and  b  are  carried 
up  towards  the  roof.  By  these  pipes  the  compressed  air  and  water 
are  carried  into  the  delivery  pipe  C,  into  which  the  air  pipe  a 
extends  in  the  form  of  a  nozzle,  terminating  beyond  the  point  of 
junction  of  the  water  pipe  b,  with  the  coupling  d,  as  shown  in  figure. 

The  air  and  water  are  discharged  into  the  mine  through  a  temuDal 
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instrument  or  nozzle,  so  constructed  as  to  cause  the  issuing  cozn- 
pressed  air  and  water  to  form  a  fine  spray  or  cloud  of  vapour. 
Another  convenient  form  of  spray-producer  is  composed  of  two  cup- 
shaped  members,  of  which  one  is  inverted  on  the  other.  This  cup  is 
connected  by  screw-threads  to  the  end  of  the  delivery  pipe,  into 
which   the   compressed  air  and  water  are  received  from  the  pipes. 


Fig.  443. 

The  air  and  water  pass  by  the  orifices  into  the  cavity  formed  by  the 
cups.  Extending  downwards  from  the  top  cup  is  a  spindle,  the 
lower  end  of  which  is  furnished  with  screw-threads.  The  lower  cup 
fits  loosely  over  the  lower  end  of  the  spindle,  and  a  washer  is  inter- 
posed between  the  cup  and  a  shoulder  formed  on  the  spindle.  By  a 
nut  working  on  the  screwed  part  of  the  spindle,  the  cups  are  held 
towards  each  other,  and  the  degree  of  fineness  of  the  spray  is 
Tjovemed  by  the  extent  to  which  the  lower  cup  is  screwed  towards 
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the  upper  one.  The  degree  of  fineness  of  the  spray  escaping  between 
the  rims  of  the  cups  is  capable  of  the  nicest  adjustment,  and,  when  , 
required,  the  issue  of  the  spray  may  be  made  to  cease  by  forcing 
the  lower  cup  sufficiently  tight  against  the  upper  one.  With  this 
form  of  spray-producer  a  sufficiently  fine  spray  may  be  obtained 
when  water  alone  is  used.  Another  form  of  spray-producer  consists 
of  a  pipe,  the  end  of  which  is  flattened  so  as  to  present  a  narrow 
slit  or  orifice  for  the  issue  of  the  compressed  air  and  water.  The 
pressure  of  the  water  is  in  excess  of  that  of  the  compressed  air,  and 
the  supply  of  each  is  controlled  by  taps  situated  in  the  branch 
pipes.  In  the  event  of  a  cessation  of  the  supply  of  compressed  air, 
the  water  is  prevented  by  a  valve  from  passing  into  the  main  pipe ; 
and  similarly,  should  an  accident  happen  to  the  water  main,  the 
compressed  air  is  prevented  by  a  valve  from  passing  into  it.  By 
this  system  the  extreme  fineness  of  the  spray  is  such  that  it  is 
carried  by  the  ventilating  current  in  the  mine  for  long  distances, 
and  effectually  cools  the  air  in  the  mine  and  damps  the  dust  lurking 
in  crevices  and  behind  the  timber,  as  well  as  on  the  roof,  floor,  and 
sides,  without  imnecessarily  wetting  the  roads,  which  so  often  causes 
creep  in  the  floor. 

From  investigations  made  in  Germany  on  the  subject  of  watering 
coal-dust,  it  would  seem  that  the  mere  spraying  of  the  dust,  while 
it  may  improve  the  climatic  conditions  of  the  underground  workings 
by  cooling  the  atmosphere,  would  not  greatly  diminish  the  risk  of 
fire-damp  explosions.  Samples  of  coal-dust  taken,  after  watering,  at 
Maybach  Colliery,  showed  2*05  to  3*65  per  cent,  of  water,  but  the 
researches  of  the  Prussian  Fire-damp  Commission  have  demonstrated 
that  the  explosive  properties  of  coal-dust  are  not  destroyed  until  it 
has  taken  up  50  per  cent,  of  its  weight  in  water.  From  this  it  would 
seem  that  to  wholly  prevent  coal-dust  explosions  nothing  short  of 
systematic  and  thorough  watering  will  be  effective. 

Where  dust  is  present  in  dangerous  quantities,  and  especially  in 
fiery  collieries,  as  little  blasting  as  possible  should  be  allowed.  The 
explosive  used  should  be  of  the  non-flaming  type,  such  as  carbonite  or 
roburite,  and  the  Coal  Mines  Regulation  Act  (section  49,  10)  carried 
out  with  strict  observance.  Testing  the  return  air  with  some  lamp 
more  sensitive  than  the  ordinary  *Davy'  lamp  should  also  be  a 
frequent  precaution  in  dusty  and  fiery  collieries.  In  collieries  where 
the  *Davy'  lamp  is  used  to  examine  the  workings  for  fire-damp, 
there  must  be  at  least  from  3  per  cent,  to  4  per  cent,  of  this  gas 
present  in  the  air  before  it  can  be  detected,  and,  as  has  already  been 
seen,  both  Mr  William  Galloway  and  Sir  Frederick  Abel  are  of  the 
opinion  that  1  per  cent,  to  2  per  cent,  of  fire-damp  present  in  the  air, 
and  coal-dust  plentiful  in  the  workings,  might  cause  a  disastrous 
explosion. 

Wherever  a  coal  seam  that  gives  off*  fire-damp  to  any  extent  is 
worked,  the  air  in  the  workings  must  always  contain  a  greater  or  less 
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proportion  of  this  gas,  no  matter  how  efficient  the  ventilation  maj 
be.  Special  precautions  should  always  be  taken  under  such  circum- 
stances, and  an  examination  made  with  a  Mueseler  lamp,  burning 
spirit,  or  some  other  good  fire-damp  detector. 

The  following  problems  are  given  to  further  illustrate  the  application  of  some 
of  the  formulae  given  in  the  foregoing  chapter  on  ventilation  : — 

Example.  —  Two  airways,  one  10  ft.  x  5  ft.  x  800  fms.  long,  and  the  other 
4  ft.  X  6  ft.  X  500  fms.  long,  circulate  a  total  quantity  of  30,000  cub.  ft.  per 
minute.  What  quantity  of  air  would  at  a  pressure  of  1  lb.  per  sq.  fL  at  the 
down-cast  shaft  pass  into  each  under  the  same  conditions  1 

Let  the  10  ft.  x  5  ft.  airway  be  designated  x  and  the  other  y. 

In  the  case  of  a;  pa  —    ^ 

PA=KSi?a  ""KS^ 

1  X  60  =  -01  X  30  X  1800  xv^  1  x  24  =  -01  x  20  x  3000  x  ««. 
1  =  108  t;*  1  =  25  tj8 

'  '  '^^  108'  ^^^  ^~  n/'^^25=  -390         .'.  **=25  and  i;=-s/^=  "200 

Now  V  =  -390  X  1000 = 390  ft  per  minute  V  =  '200  x  1000 = 200  ft.  per  minute 

And  Q  =  VxA=890x  60  =  19,500  cub.  ft.  Q=V  xA=200x  24=4800  cub.  ft. 

per  minute  per  minute 

(Quantity  of  air  circulating  in  x).  (Quantity  circulating  in  y). 

.-.  a;  +  y=  19500 +  4800  =  24300  cub.  ft 

circulating  with  a  pressure  of  1  lb. 

But  the  total  quantity  circulating  in  both  aiiways  was  30,000  cub.  ft  per 
minute. 

.-.  (by  proportion)  24,300  :  30,000  :  :  4800  :  y 

J        30,000  x4800K«„K.fto      V   A  •     X 

and  y=  -  -si-oAA 6926*92  cub.  ft.  per  minute, 

and  30,000  -  6926 '92 =24,074  08  cub.  ft  per  minute = quantity  passed  by  x. 

Example. — If  two  airways  of  the  same  area  pass  a  total  quantity  of  air  equal  to 
10,000  cub.  ft  per  minute,  subject  to  the  same  pressure  in  each  case,  the  resist- 
ance in  the  airways  being  in  the  proportion  6  to  1,  what  proportion  would  each 
airway  pass  respectively ! 

This  problem  may  be  worked  out  in  same  way  as  the  preceding 
one,  or  by  the  formula  represented. 

/A* 
R=/v/-^,  where  R  is  the  relative  quantity  going  into  each. 

Let  the  two  airways  be  represented  by  x  and  y,  and  let  A  equal  1  in  both  cases. 
Then  R = \/-^  =  xZ-v-  =  1  =  relative  quantity  in  a, 

and  R=  \/-^  =  '447= relative  quantity  in  y. 

The  actual  quantities  passing  into  x  and  y  will  therefore  be  found  by  pro- 
{jortion, 

thus  1-447  :  '447  ;  :  10000  :  y=  *"**?  ^^-?'?9?=3089-15  cub.  ft;,  per  minute, 

1*447 

anda:=10,000~308915  =  6910*86cub.  ft  per  minute. 
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Example. — Find  the  total  quantity  of  air  per  minute  passing  in  an  airway 

10  ft.  X  7  ft  X  2000  ft,  at  a  pressure  of  8'5  lbs.  per  sq.  ft 

HereP=8-61b8.;  A=70sq.  ft.  ;  Per=84;  8  =  34x2000:  1?"=/'    -^      \ 

VlOOOxA/ 

8-5  x  70=  -01  X  84  X 2000  x  t^ 

595  =  680u* 

„    596  

.  •.  «*=  ggQ ;  and  v=s/'S760  =  '9364, 

and  Q  the  total  quantity=  •9854  x  1000  x  70=65,478  cub.  ft  per  minute. 

Example, — If  the  quantity  of  air  passing  round  a  mine  is  10,000  cub.  ft  per 
minute  before  splitting,  when  the  size  of  airway  is  6  ft  x  5  ft  x  1200  ft.  long, 
what  quantity  will  circulate  if  the  current  is  split  respectively  into  two,  three, 
and  four  equal  parts,  the  pressure  and  other  conaitions  remaining  the  same  ? 

Here  the  pressiure  and  rubbing  surface  will  be  the  same  in  each  case,  therefore 
the  quantity  will  vary  as  -y/Aj  or  Qn= >/«  x  n  x  Q. 

(1)  Qni  =  \/2  X  2  X  10,000=28,280  cub.  ft  in  two  equal  splits. 

(2)  Q7i3=  V3  X  3  X  10,000  =  51,930  cub.  ft.  in  three  equal  splits. 

(3)  Qn,= V^  X  4  X  10,000  =  80,000  cub.  ft.  in  four  equal  splits. 

Example, — A  down-cast  shaft,  14  ft.  diameter  and  at  a  temperature  of  50*"  F., 
passes  121,000  cub.  ft.  per  minute.  What  size  of  shaft  would  the  up-cast  require 
to  be,  if  the  velocity  of  air  current  in  both  shafts  is  to  be  equal,  supposing  the 
temperature  in  the  up-cast  is  100*"  F.  ? 

Velocity  in  down-cast =^=-A?li^-= 7861  ft  per  minute. 

Increase  of  volume  in  up-cast =^^-^=^^i^5^^^= 18, 180 '82  cub.  ft 
.'.  total  volume  in  up-cast= 121,000 +  13,180*82  =  134,180*82  cub.  ft. 
and  area  of  up-cast  =  -^ = ^^tgg^^'^^  =  1 70  -69  sq.  fL 

.-.  diameter  of  up-cast=v/^^^?^  =  l*'74  ft. 

*^  V    7854 

Example, — ^Two  shafts,  each  15  ft  x  5  f t  x  100  fins,  deep,  are  connected  by 
a  drift  11  ft  x  5  ft  x400^yds.  long,  the  quantity  of  air  passing  being  30,000 
cub.  ft  per  minute.     Find  the  quanti^  that  would  pass  if  another  drift  were  added 

11  ft.  X  5  ft  X  400  yds.  long,  (1)  with  same  pressure,  (2)  with  same  horse-power! 

(1)  The  pressure  required  will  be  the  same  for  each  shaft. 

NowPxA=KxSxt)8 

.-.  P  X  15  X  5=  -01  X  40  X  600  x  f  ^?^*?^^- V 

\75xl000/ 

.  •.  P=  -01  X  8  X  40  X  (4^y  =  '61  lb.  per  sq.  ft. 

and  the  pressure  in  each  shaft  =  *51  x  2  =  1*02  lbs. 

(2)  Find  pressure  in  drift.     Px55  =  -01  x  32x1200  x/^|^»^^?Y 

Px  11  X 121  =  -01  X  32  X  240  x  86 

...  P=-0Lx^^^^240x36^2*071bs.  per  sq.  ft 
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If  another  drift  of  the  same  size  were  added,  the  velocity  would  be  halyed,  and 

2*07 
therefore  would  only  require  J  the  pressure  and  — --  =:  *517  lb.   to  pass  15,000 

4 

cub.  fL  in  each  airway. 

Preasnre  in  shaft  and  drift  before  splitting  =  2  -07  x  1  "02 = S  -09  lbs. 
, ,       after  adding  im  additional  ain^y^l  "02  x -517 = 1  '537  lbs. 

Now  quantity  ao  ^y/pressure.     .*.  ^1-587  :   V^'OQ  :  :  30,000  cub.  ft. 

.-.  1-28  :  175  :  :  30,000  :  x 

and  x=??i?2^1l??  =  42,482-92  cub.  ft  per  minute  (when  the  second  drift  is 
added). 

H. P.  before  adding  airway = ?2i2??_^3l?? =2*8 

^  ^  33,000 

..    after        ..  ..      =«.«2i«xl-687^i.„ 

38,000 

SoBtMmpU, — If  the  difference  in  temperature  between  the  up-cast  and  down-cast 
shafts  is  increased  four  times,  how  is  the  pressure  and  quantily  altered  I 

(1)  The  pressure  varies  as  the  difference  of  temperature  Mtween  the  up-cast 
and  down-cast,  so  if  the  latter  increases  four  times,  the  pressure  will  also  be  in- 
creased four  times. 

(2)  The  quantity  varies  as  i^/difference  of  temperature  between  the  two  shafta. 
Therefore  increasing  the  temperature  four  times  increases  the  quantity  by  the 
ii/4= twice. 


OHAPTEB  ZIV. 

SAFETY  LAMPa 

It  is  now  over  eighty  years  since  Sir  Humphry  Davy  crowned  his 
long  and  patient  researches  by  the  invention  of  his  safety  lamp,  au 
event  which  marked  a  new  epoch  in  coal-mining.  Before  Davy's 
time  the  miner  had  to  rely  on  very  insecure  methods  for  detecting  or 
for  working  in  the  presencepf  firedamp:  At  the  beginning  of  this 
century  Spedding's  steel  mill  was  the  only  apparatus  which  enabled 
him  to  continue  his  work  in  the  presence  of  small  accumulations  of 
gas.  By  this  machine,  which  was  soon  demonstrated  to  be  unsafe, 
and  which  was  the  cause  of  numberless  explosions,  the  miner  was  en- 
abled to  work  by  the  faint  light  of  an  intermittent  spark  resulting 
from  the  contact  of  a  piece  of  flint  with  a  revolving  steel  disc.  / 

Since  the  introduction  of  the  Davy  lamp,  large  numbers  of  otheif 
safety  lamps  have  been  patented,  but  all  are  on  practically  the  sam^ 
principle  as  Sir  Humphry  Davy's,  although  some  are,  of  course,  ai 
great  improvement  on  the  original,  both  as  regards  safety  andligfatinff 
power.  /  ' 

Definition, — ''  Safety  lamps  are  contrivances  by  which  a  lights  sur-  ) 
rounded  by  an  explosive  mixture  of  fire-damp  and  air,  may  be  main-/ 
tained  in  lamps  without  commuuicating  flame  to  the  outside  atmos- 
phere."   As  at  present  constructed,  they  depend  upon  the  fact  that 
flame,  when  brought  in  contact  with  wire  gauze  of  certain  degrees, 
of  fineness,  cannot  pass  through  it,  owing  to  the  rapidity  with  whicl 
the  heat  is  conducted  away,  so  that  it  cannot  be  communicated  to  thej 
outside  atmosphere. 

Sir  Humphry  Davy  first  demonstrated  this  by  some  experiments  he 
made  with  metallic  tubes.  He  found  that  it  was  easy  enough  to  eflect 
an  explosion  of  fire-damp  and  air  in  a  wide  vessel,  but  that  it  was 

impossible  to  effect  it  in  a  narrow  metallic  tube. 

Metallic  tubes  of  \  of  an  inch  in  diameter  and  1|  inches  long  pre- 
vented an  explosion,  and  this  phenomenon,  according  to  Davy,  probably 
depended  "  upon  the  heat  lost  during  the  explosion  in  contact  with 
so  great  a  cooling  surface,  which  brings  the  temperature  of  the  first 
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portions  exploded  below  that  required  for  the  firing  of  the  other 
portions ;  and  it  has  been  already  shown  that  the  fire-damp  requires  a 
very  strong  heat  for  its  inflammation.  Mixture  of  the  gas  with  air 
I  found,  likewise,  would  not  explode  in  metallic  canals  or  troughs, 
when  their  diameter  was  ^  of  an  inch.,  and  their  depth  considerable  in 
proportion  to  their  diameter,  nor  could  explosions  be  made  to  pass 
through  such  canals.  Explosions,  likewise,  1  found  would  not 
through  very  fine  wire  sieves  or  wire  gauze."  Now  wire  gauze 
nothing  more  than  a  series  of  small  tubes,  having  very  small  diameters, 

and  of  very  short  lengths.     The  wire  gauze  mostly 

A  used  for  safety  lamps  has  784  apertures  to  the  sq.  Id. 
Davy  Lamp. — This  lamp,  as  originally  con- 
structed, consisted  of  a  small  cylindrical  vessel  b  for 
holding  the  wick  and  oil,  provided  at  the  bottom  with 
a  pricker/  for  trimming  the  former,  and  surmoimted 
by  a  cylinder  of  wire  gauze  a,  made  double  at  the  top, 
and  supported  by  small  iron  rods  c,  terminating  in  the 
cover  d,  to  which  is  attached  a  handle.  The  gauze 
cylinder  is  about  1^  in.  diameter,  and  7  in.  long, 
with  wires  about  -^^  of  an  inch  in  diameter,  having, 
as  already  stated,  about  784  openings  per  sq.  in., 
through  which  air  enters  to  keep  the  flame  burning 
freely.  If  a  certain  percentage  of  fire-damp  enters 
along  with  the  air,  the  mixture  will  ignite  and  fill 
the  space  inside  the  gauze  with  flame ;  but  as  soon 
as  this  flame  comes  into  contact  with  the  wire 
gauze,  it  is  immediately  cooled  down,  and  cannot 
pass  through  the  opening  unless  it  is  allowed 
to    bum  imtil   the  gauze  becomes     heated    to    a 

certain  .temperature,    when   the   flame   can    pass   through    to    the 

outside. 
An  explosion  may  be  brought  about  by  a  *  Davy '  lamp  in  several 

ways,  such  as : — 

By  allowing  gas  to  burn  inside  until  the  gauze  becomes  red  hot. 

By  allowing  a  strong  current  of  air  to  blow  against  the  lamp,  thus  forcing 

the  flame  through  the  gauze,  which  occurs  when  the  air  attains  a  velocity 

of  about  5  ft.  per  second. 
By  a  sudden  jerk  or  shock  to  the  lamp,  or  by  a  shock  due  to  heavy  blasting 

operations.  : 

By  the  miner  carelessly  damaging  hie  lamp  or  opening  it  in  the  presence  of  / 

an  explosive  mixture.  / 

The  great  disadvantage  of  the  *  Davy '  lamp  is  the  very  poor  lighi 
that  it  gives,  ^  to  -^j^  of  a  candle  power  only.  ' 

The  *  Davy '  lamp  in  its  original  form  is  little  used  now,  being 
unsafe  in  most  collieries,  where  the  air  now  travels  at  such  high 
velocities  round  the  workings. 

Olanny  Lamp. — This  lamp  is  similar  to  the  *  Davy '  lamp  in  oon- 
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stniotian,  but  haa  a  glass  ojlinder  a  inatead  of  the  lower  portion  of  the 

gauze,  which  enables  it  to  give  a  much  better  light,  and  to  be  more 
eaailj  carried  in  an  air  current  j  but,  on  the  other  hand,  it  oauses  an 
explosion  more  readily,  owing  to  the  area  of  gauze  cylinder  being 
smaller  than  in  a  '  Davy.'  It  is  also  unsafe  in  a  very  strong  current 
of  air,  as  it  will  readily  pass  the  flame  when  the  air  is  travelling  at 
a  velocity  of  6  or  7  ft.  per  second.  This  lamp  is  not  now  used  unless 
it  has  an  additional  protection  in  the  shape  of  an  iron  shield  sur- 
rounding the  outside  of  the  gauze. 

Stephenton  Lainp. — The  essential  points  of  dissimilarity  between 
a  '  Davy '  lamp  and  a  '  Stephenson '  lamp  are  that,  whereas  in  the 
former  the  flame  is  simply  surrounded  by  a  wire  gauze  through 
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which  the  air  passes,  in  the  latter  the  flame  is  sturounded  and  bums 
within  a  glass  cylinder  a,  covered  at  the  top  with  a  perforated  copper 
cap  h,  and  is  fed  by  air  passing  through  perforations  in  a  metal  ring 
c  at  the  bottom.  The  lamp  has  in  addition  the  wire  gauze  of  the 
'Davy,'  and  if  the  glass  happens  to  get  broken  it  still  remuns  safe. 

Like  the  'Davy,'  the  'Stephenson'  lamp  has  a  very  small  illum- 
inating power,  and  is  very  readily  extinguished,  but  is  very  much 
safer  than  the  former  ia  air  currents,  as  it  will  not  'pass'  the  flame 
until  the  velocity  of  the  air  reaches  8  to  10  ft  per  second. 

This  lamp  is  now  little,  if  at  all,  used  in  fiery  mines. 

Marsavi  Lamp. — The  'Marsant'  lamp,  which  was  the  ioventlon 
of  a  well-known  French  mining  engineer,  differs  very  little  from 
the  'Clanny'  lamp.     Instead   of  having  a  single  gauze   like   the 

27 
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'Claunjr,*it  is  provided  with  two  or  three  gauzee  fitted  into  the  inside 
of  each  other,  which  teade  greatly  to  increase  the  safety  of  the  l&mp. 

An  need  in  Britun  it  is  made  witli  two  gauzes  ouiy,  with  the 
addition  of  an  iron  shield  as  a  further  promotion,  and  in  thiu  form 
it  is  a  very  safe  kind  of  lamp  for  use  in  fiery  mines. 

The  Maraaut  lamp  is  largely  used  both  in  England  and  Soot- 
land,  and  has  rauob  to  reoommend  it,  as  it  does  not  pass  the  flame 
until  a  very  high  velocity  of  sir  current  is  reached,  uid  it  has  the 
further  advantage  of  not  being  bo  eauly  extinguished  as  Bomc  other 
fortna  of  safety  lamps.  For  onoast  men  especially,  such  aa  roadraaei), 
pony-drivers,  etc.,  the  Matsaut  is  to  be  recommended,  as  the  nature 
of  work  those  persons  are  engaged  in  varies  greatly  from   that  of 


Flo.  447. — Uarasnt  Lamp.  Fio.  448. — HueMlgr  Limp^ 

a  miner  working  at  the  coal-face,  where  a  lamp  is  used  under  more 
fovourable  circumstances,  being  in  most  oases  kept  perfectly  still  or 
at  most  moved  about  only  over  small  areas.  In  ooUieries  where 
there  is  only  a  small  amount  of  fire-damp  given  off,  this  lamp  is 
often  used  without  the  outer  shield,  and  with  only  two  gauzes,  which 
makes  it  much  better  suited  for  underground  requirements,  as  tiie 
amount  of  light  given  out  is  much  increased  by  ate  freer  supply  of 
air  that  the  flame  receives,  and  the  latter  is  not  so  easily  ex- 
tinguished as  when  the  shield  is  used. 

ifueeder  Lamp. — The  Mueseler  lamp  is  constructed  somewhat 
like  the  Mat«aut  It  has  the  glass  cylinder  round  the  flame  in 
the  same  way,  but  instead  of  having  two  or  three  gauzes  it  baa  a 
single  gauze  only,  with  a  conical -shaped  metal  obimney  a  (fig.  448) 
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fitted  inside,  immediately  above  the  glass  cylinder,  to  which  it  is  fixed 
by  a  ring  of  gauze  b.  The  air  to  feed  the  flame  passes  first  through 
the  outer  gauze,  then  through  the  gauze  cap  between  the  metal 
chimney  and  the  glass  to  the  flame,  and  the  products  of  combustion 
pass  up  the  metal  chimney  through  the  gauze  cylinder  and  into  the 
atmosphere.  The  metal  chimney  has  thus  a  double  purpose  to 
serve,  viz.,  to  create  a  strong  upward  draught  and  to  insure  the  inlet 
air  being  drawn  down  close  to  the  glass  to  keep  it  cool.  When  fire- 
damp is  suddenly  ignited  in  this  lamp  the  resulting  gases,  principally 
CO2,  fill  up  the  conical  chimney  and  speedily  extinguish  the  flame. 

The  great  drawback  to  this  lamp  is  the  readiness  with  which  the 
light  is  extinguished,  it  being  very  sensitive  to  the  least  shock  or  jerk, 
while,  if  held  slightly  out  of  the  perpendicular,  the  light  at  once  goes 
out  through  the  supply  of  air  being  cut  off.  Nevertheless,  it  is  exten- 
sively used  both  in  Britain  and  in  other  European  countries,  and  is 
both  good  and  safe  where  there  is  plenty  of  ventilation. 

The  Royal  Commissioners  on  Accidents  in  Mines  objected  to  this 
lamp  on  the  following  grounds  :— 
is  very  easily  put  out. 
The  glass  is  easily  broken  by  a  blow,  by  the  flame  playing  on 
it,  or  by  cold  water  coming  in  contact  with  the  hot  glass. 

(3)  There  are  difficulties  in  getting  tight  joints  where  the  metal 

ring  and  glass  cylinder  meet. 

(4)  Difficulties  arise  from  combustion  with  a  tendency  to  smoke 

the  glass,  thus  lowering  the  illuminating  power. 

These  objections  might  also  be  urged  against  nearly  all  the  safety 
lamps  at  present  in  use. 

HepplewhUe-Oray  Lamp. — In  this  lamp  and  its  newer  modifications, 
the  construction  diflers  somewhat  from  any  other  safety  lamp ;  the 
diflerences  consisting  chiefly  of  the  manner  the  air  is  admitted  to  feed 
the  flame,  and  also  in  the  shape  of  the  glass  cylinder  surrounding  the 
latter  (fig.  449). 

The  standards  for  supporting  the  lamp,  instead  of  being  solid,  as 
they  are  in  other  lamps,  are  made  of  tubes  down  which  the  air 
passes  to  an  annular  chamber,  situated  immediately  over  the  oil 
vessel,  and  protected  by  wire  gauze. 

In  the  form  in  which  this  lamp  is  now  made,  there  are  only  three 
inlet  tubes  instead  of  four  as  formerly,  one  of  the  tubes  being 
considerably  broader  than  the  others  and  acting  as  a  deflector. 

The  glass  surrounding  the  flame,  instead  of  being  cylindrical  in 
shape,  is  made  in  the  form  of  a  cone,  and  is  very  much  longer  than 
the  glass  of  an  ordinary  safety  lamp.  Immediately  above  the  glass 
is  a  gauze,  also  of  conical  shape,  and  outside  that  a  cone  of  metal,  the 
whole  forming  a  very  strong  compact  lamp.  In  addition  it  is  fitted 
with  a  shut-oflf  arrangement,  so  that  the  air  can  be  admitted  either 
at  the  top  or  bottom  of  the  tubes.  In  the  new  form  a  shield-plate 
a  a,  which  is  part  of  the  hood,  projects  over  and  completely  covers 
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the  top  of  the  inlet  tubes,  and  prevents  the  l&mp  from  lieing  ex- 
tinguished as  readily  as  the  older  type.  The  air  pasHes  down  the 
tubes,  while  the  producte  of  combustion  pass  upwards  and  out  into 
the  atmosphere  by  two  horizontal  rows  of  holes  b  b,  in  the  hood  c 
To  facilitate  the  cleaning  of  the  lamp,  the  ring  securing  the  glass  is 
screwed  on  to  a  vertical  plate  d,  which  forms  the  air  inlet.  This 
arrangement  enables  the  whole  of  the  inside  to  be  quiokly  and  easily 
removed  when  the  lower  gauze  ring  is  unscrewed.  It  is  churned 
for  this  lamp  that  it  gives  a  much  superior  light  to  any  other 
form,  owing  to  the  shape  of  the  glass,  which  allows  the  rays  of  light 
to  be  projected  in  all  directions,  thus  permitting  the  roof  to  be 
examined  with  ease  without  tilting  the  lamp.  It  is  also  claimed 
for  it  that  very  small 
quantities  of  gas  can 
be  readily  detected 
by  its  means.  The 
author  has  had  little 
practical  experience  of 
this  lamp,  but  some 
time  ago  some  prac- 
tical firemen  and 
overmen,  who  were 
attending  a  class  in 
Idinarlcshire  to  which 
he  was  lecturing, 
mostly  made,  under 
his  directions,  a  num- 
ber of  tests  with  the 
Gray  lamp,  and  at 
the   same   time   with 

Mueseler  and  Marsnut 

lamps  ;    and   reported    y^^^  449.— Hepplew 
that  the  former  could  Gray  Lamp. 

be     used     to     detect 

small  quantities  of  gas  much  more  easily  and  quickly  than  either 
of  the  others.  The  only  objections  to  the  use  ot  the  Gray  lamp 
are  its  weight  and  expensiveness,  but  there  can  be  little  doubt 
that  it  is  a  very  superior  lamp  for  use  underground.  It  is  very  safe 
in  every  res])ect  and  can  withstand  almost  any  current  of  ^t  met 
with  in  collieries,  having  been  tested  with  velocities  up  to  100  ft- 
per  second  without  passing  the  flame. 

Wolf  Safely  iaw;'.— This  safety  lamp,  constructed  to  hum 
benzine,  is  very  largely  used  on  the  Continent.  It  is  soniewbat 
similar  to  an  ordinary  .Marsaut  lamp,  with  two  gauses,  and  is  pro- 
vided with  a  corrugated  shield,  provided  with  apertures,  which  is  said 
to  give  it  additional  safety  and  allows  of  its  buniit^  more  freely. 

It  ia  filso  provided  with   an  'igniter'  for  relighting  it  if  eitin- 
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guished,  without  rendering  it  necessary  to  unscrew  the  bottom  of 
the  lamp,  which  is  a  great  advantage.  The  fastening  is  secured  by 
a  magnetic  lock,  and  cannot  be  opened  without  the  aid  of  a  powerful 

magnet.  It  is  said  to  give  a 
much  better  light  than  an 
ordinary  safety  lamp  burning  oil, 
aud  can  withstand  strong  air 
currents,  and  detect  small  per- 
centages of  gas,  while  the  cost 
of  fuel  is  low  compared  with 
other  lamps. 

Wolf-Dahhnann  Lamp, — This 
may  be  said  to  be  an  improved 
Wolf  lamp.  In  it  the  air  is  con- 
ducted h'om  above  the  flame 
through  a  gauze  ring  1^  ins.  in 
height,  which  is  covered  by  a 
movable  brass  cylinder.  The  pro- 
ducts of  combustion  are  carried 
off  by  an  inner  brass  cylinder, 
at  the  top  of  which  is  fixed  a 
wider  cylinder  (see  fig.  445),  the 
latter  being  capped  with  wire 
gauze.  Inside  the  inner  brass 
cylinder  is  a  gauze  chimney,  so 
arranged  that  it  can  be  taken  out 
for  the  purposes  of  cleaning.  By 
means  of  this  simple  arrange- 
ment the  products  of  combustion 
rapidly  pass  off,  while  ifresh  air 
enters  from  all  sides  through  the 
gauze  to  the  flame  without  becom- 
ing mixed  with  the  products  of 
combustion.  In  this  manner  a 
good  circulation  results,  which 
causes  the  flame  to  bum  steadily 
and  brightly,  while  it  is  easy  to 
light  the  lamp  while  locked  by 
means  of  the  igniter  which  i** 
placed  within  it. 

*  Evan  Evan's  Lamp. — This  is  a 
bonneted  Clanny  lamp,  with  the 
bonnet,  which  extends  from  the 
flange  above  the  glass  to  the  dome 
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Fig.  451. — Wolf-Dahlmann  Lamp. 


of  the  lamp  case,  fixed  permanently.     The  air  is  admitted  through  a 

series  of  holes  in  the  horizontal  flange  above  the  glass.     The  products 

*  Report  of  Royal  Commiarion  on  AccideiUa  in  Mines ^  p.  206. 
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of  combustion  escape  through  &  series  of  holes  in  the  top  of  the 
bonnet  (see  Rg.  462).  This  lamp  is  also  provided  with  an  automatic 
arraagemeut  for  closing  it  in  the  event  of  gas  becoming  ignited  io- 
side  the  gauze,  the  main  features  of  this  arrangement  being  as 
follows ; — Within  the  bonnet  and  surrounding  the  gauze  are  two 
cylinders  of  the  snme  height  cloeely  fitting  one  another.  The  iimcr 
cylinder  is  open  at  the  top  and  is  perforated  near  the  bottom  with 
fifteen  holes,  each  J  in.  in  diameter.  The  outer  cylinder,  which  ia 
closed  at  the  top,  is  perforated  near  the  tup,  with  a  similar  series  of 
holes.  A  rod  slides  through  a  tube  and  is  maintained  in  position  by 
a  loop  of  thread  close  to  the  gauze  and  stretched  between  two  hookR. 
If  this  loop  gets  burned  through,  by  gas  burning  inside,  the  rod  ia 


FiO.  IGS. — Evau  Evau'i  Lamp.  Fig.  453,— Evan  Tliooiaa  [Amp. 

no  longer  liold  in  position,  and  a  strong  spiral  spring  between  tlic 
top  of  the  outer  cylinder  and  the  dome  of  the  lamp  pushes  tiio 
former  down  over  the  inner  cylinder,  and  thus  closes  both  aeries  of 
holes  simultaneously,  and  extinguishes  the  flame  in  a  few  seconds. 

JCvan  Tliomag  Lamp.^-THiiB  was  one  of  the  lamps  which  was  tested 
by  the  Mines  Commission,  and  reported  upon  as  giving  very  satisfac- 
tory results.  In  its  principles  and  construction  it  is  an  improved 
form  of  the  Clauny  lamp.  At  the  bottom  of  the  gauze  cylinder  is  a 
close  fitting  brass  ring  or  tube  about  1  in.  high,  the  top  of  the  ring 
terminating  in  a  horizontal  flange,  which  extends  to  within  about  -^ 
of  an  iuch  of  the  outside  shield  or  bonnet.  Through  this  small  space 
the  inlet  air  is  admitted  to  feed  the  flame,  the  products  of  combustion 
passing  out  at  the  top  of  the  bonnet. 
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The  Evan  Thomas  lamp  is  simple  in  oonstruotion,  gives  a  fairly 
good  light,  and  is  safe  in  currents  of  air  travelling  with  a  velocity  of 
over  50  ft.  per  second.  It  has  also  the  advantage  of  not  being  very 
readily  extinguished  by  a  sudden  jerk  or  by  being  held  on  the  slant. 
In  an  explosive  atmosphere,  however,  it  soon  becomes  extinguished. 

The  following  table  of  experiments  with  safety  lamps  in  currents 
of  air  of  different  velocities  is  interesting,  as  it  shows  the  behaviour 
of  different  lamps  and  the  ratio  of  safety  under  these  conditions. 

Percentage  of  Velocity  of    jy  .-^fjQ-  ^f 
Name  of  Lamp.       Gas  present  Air  in  ft.  per  K™,^enf  Kesults. 

in  air.  minute.  *^ 


Davy  lamp, .        .      7  per  cent. 

600 

10  seconds. 

Explosion. 

i>         •        •       '       II 

400 

60 

II 

II 

II         •        •       '       II 

870 

180 

II 

No  explosion. 

Davy  (shielded),  .       7      ,, 

800 

60 

II 

II 

„    (in  can),     .      7      „ 

1500 

60 

II 

»i 

Stephenson  lamp  safe  up  to  800  ft. 

per  minute 

1. 

Cianny             „          „         600 
Mueseler  lamp,    .      8  per  cent. 

II          II 

2888 

5 

II 

Lamp  went  out 

11          If         •     *»*      II 

2888 

76 

II 

Continued  to  hum. 

II          »i         •     Iw      }, 

600 

6 

It 

Explosion. 

The  Marsaut  lamp  gave  the  same  results  as  the  Mueseler,  but  it 
was  foimd  that  if  the  current  of  air  was  reversed  while  being 
admitted  to  the  flame,  an  explosion  occurred  in  5  seconds.  The 
number  of  safety  lamps  that  have  been  patented  and  placed  on  the 
market  is  so  large  that  it  would  take  a  large  volume  to  fully  describe 
them  all.  One  writer  enumerates  over  seventy,  and  that  by  no 
means  exhausts  the  list. 

Fire-damp  Indicators. — Within  the  last  few  years  a  large  number 
of  instruments  for  detecting  small  percentages  of  flre-damp  have 
been  brought  before  the  mining  public,  but  very  few  of  them  are  of 
much  practical  use  to  the  miner,  most  of  them  being  too  complicated 
in  design,  too  sensitive  to  be  handled  freely,  and  too  expensive. 

Hydrogen  Indicator, — It  has  long  been  known  that  the  pale  hot 
flame  of  hydrogen  gas  is  very  sensitive  to  the  presence  of  fire-damp, 
even  when  the  latter  is  present  in  very  small  quantities.  Professor 
Clowes  has  invented  a  lamp  in  which  a  hydrogen  flame  is  used  for 
the  detection  of  small  percentages  of  CR^.  The  accompanying 
figure  (454)  shows  this  apparatus  as  used  in  conjimotion  with  an 
ordinary  Heppelwhite-Gray  safety  lamp.  A  small  cylinder  C,  con- 
taining hydrogen  at  very  high  pressure,  is  attached  to  the  lamp,  and 
at  the  bottom  of  the  cylinder  a  tube  B,  of  small  diameter,  is  con- 
nected with  the  interior  of  the  safety  lamp,  the  top  of  the  tube  being 
just  about  on  a  level  with  the  burning  wick  W.  When  a  test  is  to 
be  made,  hydrogen  is  admitted  through  the  small  tube  B,  by  opening 
a  tap  T,  with  a  key.  The  flame  of  the  ordinary  wick  immediately 
lights  the  hydrogen,  the  jet  of  which  can  be  regulated  to  any  re- 
quired size  of  flame.      The  ordinary  wiok  is  then  drawn  down  by 
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means  of  the  pricker,  and  the  large  flame  being  extinguished,  the 
indicator  is  ready  to  make  a  test  with  the  hydrogen  flame  alone. 
A  small  ladder-like  scale  S  is  fixed  inside  beside  the  flame,  to  measure 
the  percentage  of  gas  found,  each  of  the  steps  on  the  scale  being  a 
definite  value.  The  lamp  is  guaranteed  to  measure  as  little  as  0-25 
per  cent,  of  fire-damp  in  air.  The  small  hydrogen  cylinder  can  be 
detached  and  carried  in  the  pocket  when  not  required  for  testiug, 
and  the  safety  lamp  can  then  be  used  in  the  ordinary  way. 

Stoked  Indicator. — In  this  lamp  'absolute  alcohol'  is  employed 
to  produce  a  flame  for  detecting  the  presence  of  small  quantities  of 
fir&damp.  The  indicator  may  be  used  with  any  ordinary  safety 
lamp,  and  is  a  very  simple  arrangement,  shown  in  fig.  456. 

A  small  vessel  ee,  having  a  thin  tube  and  wick,  screws  into  ao 
opening  at  the  bottom  of  the  safety  lamp,  the  top  of  this  tube  reaching 


Fia.  lBI.-'H}'d[c>geQ  IndiiMtor.  Fio.  1G5.— Stokes'  Indicator. 

to  the  top  of  the  wiok  a,  where  it  can  be  lighted ;  a  slit  i,  at  the 
top  of  the  alcohol  tube  gives  the  standard  flame  for  testing.  When 
a  test  is  about  to  be  made,  the  brass  plug  c,  which  fits  the  opening 
at  the  bottom  of  the  lamp,  is  unscrewed,  and  the  tube  of  the  indica- 
tor inserted.  In  a  few  seconds  the  heat  will  cause  the  alcohol  to 
ascend  and  ignite  at  the  oil  flame.  The  oil  wick  is  then  drawn  down 
by  the  pricker  h,  and  the  test  proceeded  with.  After  it  is  oom- 
plated  the  oil  wick  can  be  raised  and  re-lighted  at  the  alcohol  flame. 
The  alcohol  veseel  is  then  unscrewed,  the  plug  c  put  in,  and  the 
lamp  again  becomes  an  ordinary  safety  lamp.  It  is  said  to  be 
capable  of  indicating  as  little  as  \  per  cent  of  CH^  in  air. 

Fieler  Lamp. — The  Pieler  indioator  may  be  described  as  a  large 
Davy  lamp  oonstruoted  to  bum  pure  alcohol  with  a  special  wick. 
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The  air  which  supplies  the  flame  is  admitted  by  a  tube,  protected  hy 
superposed  discs  of  gauze,  which  pass  Tertically  through  the  vessel 
containing  the  alcohol.  Immediately  above  ^e  burner  and  sur- 
rounding the  flame,  is  a  short,  oooical  chimney,  open  at  both  ends, 
and  before  making  tests,  the  flame  should  be  adjusted  in  pure  (ur,  so 
that  it  comes  exactly  to  the  top  of  the  chimuay.  When  burning  in  a 
mixture  of  flre-damp  and  air  the  flame  shows  a  much  more  con- 
spicuous cap  or  'halo'  than  can  be  produced  by  the  flame  of  an 
ordinary  safety  lamp  burning  mineral  or  vegetable  oil.  A  scale  is 
fixed  in  front  of  the  lamp  for  measuring  the  different  percentages 
according  to  the  height  of  the  Same.     The  apparatus  is  said  to  be 


Fia.  «E6.— Pieler  Lam)).  Via.  4C7.— OhMnua  Lftrnp^ 

capable  of  detecting  the  presence  of  ^  per  cent,  of  fire-damp  in  air. 
While  there  is  no  doubt  that  it  is  a  most  sensitive  gas-detector,  it  is 
in  its  present  form  practically  useless  for  the  ordinary  usage  to 
which  safety  lamps  are  subjected  when  testing  for  gas  underground. 
It  is  too  sensitive,  too  easily  extinguished,  and  requires  to  be  very 
carefully  handled,  as  the  vapour  given  off  from  the  burning  liquid  is 
itself  highly  explosive  when  mixed  with  air.  The  lamp  as  now  con- 
structed is  fitted  with  a  shield  and  is  much  safer,  in  curreute  of  eut, 
than  the  original  type. 

Ckemuau  Lamp. — This  apparatui  is  also  constructed  to  bum 
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alcohol,  and  is  somewhat  like  the  Pieler  indicator.  It  is  constructed 
of  a  brass  reservoir  for  the  alcohol,  surmounted  by  a  circular  crown 
for  the  admission  of  air  (which  can  bo  regulated)  through  double 
gauzes.  Resting  on  the  crown  and  surroimding  the  wick-tube  is  a 
solid  cylinder  of  sheet-iron,  which  serves  as  a  screen.  Above  this 
screen  and  resting  on  it,  is  an  iron  wire  gauze  5|  in.  high.  The 
gauze  is  surroimded  by  a  sheet-iron  shield  furnished  with  an  obser- 
vation window  of  mica,  on  which  is  engraved  a  scale  for  measuring 
the  percentages  of  fire-damp.  The  shield  is  fitted  at  its  base  with  an 
annular  diaphragm,  which  closely  surrounds  the  base  of  the  gauze,  so 
that  the  exterior  air  does  not  impinge  directly  on  the  gauze. 

The  interior  of  the  reservoir  contains  a  small  piece  of  cotton  wool 
under  the  wick-tube,  to  prevent  the  rapid  escape  of  alcohol  if  the 
lamp  is  overturned,  while  if  the  apparatus  is  laid  horizontally  it  is 
at  once  extinguished.  It  is  said  that  caps  can  be  observed  when  as 
little  as  O'l  to  0*2  per  cent,  of  fire-damp  is 
present  in  the  air,  and  that  the  cap  becomes 
quite  marked  when  the  percentages  reach  0'5. 

hike  the  *  Pieler '  lamp  it  is  best  suited  for 
making  observations  in  a  still  atmosphere, 
which  is  not  the  ordinary  condition  of  under- 
ground workings.  In  the  'Chesneau'  lamp, 
dew  foims  on  the  sheet  of  mica,  by  the  con- 
densation of  the  aqueous  vapour  resulting 
from  the  condensation  of  the  alcohol,  aided 
by  the  cold  external  air  impinging  against  it, 
and  this  prevents  the  observer  from  making 
accurate  observations. 

Electric  Lamps. — With  the  advent  of  elec- 
tricity for  illuminating  purposes,  much  was 
hoped  for  in  the  way  of  lighting  underground 
workings,  but  so  far,  with  the  exception  of 
its  use  for  lighting  pit-bottoms  and  main 
roads,  little  progress  has  been  made,  all  the 
electric  safety  lamps  that  have  been  invented 
up  to  the  present  time  being  of  little  use  so 
far  as  practical  work  is  concerned.  Most  of 
the  electric  lamps  which  have  been  introduced 
have  been  too  large  and  unwieldy,  burned  for 
too  short  periods,  were  liable  to  go  suddenly 
out,  and  were  too  expensive  for  colliery  work. 
An  even  greater  bar  to  their  usefulness  was  Fig.  468.— SussnuinKlec- 
that  they  were  nearly  all  constructed  on  the  tiic  Lamp. 

*  wet  battery '  principle,  which  is  not  suitable 
for    undergroimd  work,   where   lamps    are    often    pretty  roughly 
handled. 

The  nearest  approach  to  a  good  portable  safety  lamp  w  that  known 
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OB  the  'Sussman'  pateut  eleotrio  lamp.  The  laoip  is  about  the 
same  size  and  weight  as  an  ordinary  safety  lamp,  measuring  2^  iu. 
square  and  8  in.  high,  and  weighs  about  3j^  lbs. 

It  is  constructed  with  a  dry  battery,  which  is  a  great  advantage, 
as  it  can  be  handled  much  more  freely  without  injury.  It  is  also 
said  to  be  impossible  to  ignite  gas  with  it,  even  although  the  lamp 
gets  broken.  One  defect  of  these  electric  lamps  is  that  they  give  no 
indication  of  the  presence  of  gas,  which  is  a  serious  drawback, 
especially  in  fiery  collieries. 

Oonstrudion  of  Safety  Lamps, — In  all  the  improvements  and 
modifications  that  have  been  made  in  safety  lamps  of  late  years,  the 
tendency  has  been  in  one  direction,  viz.,  to  render  them  as  safe  as 
possible  in  currents  of  air  travelling  at  high  velocities.  While  this 
object  is  one  to  be  commended,  a  great  deal  more  than  this  is 
required  of  a  good  safety  lamp,  and  if  some  of  the  inventors  would 
turn  their  attention  to  combining  safety  with  good  illuminating 
power  and  simplicity  of  construction,  they  would  render  good  service 
to  those  who  are  compelled  to  use  such  lamps.  A  very  large  number 
of  safety  lamps,  which  give  a  good  light  when  on  the  surface,  or  in 
the  main  airways  underground,  are  of  little  or  no  use  under  the 
ordinary  conditions  met  with  in  mines,  either  owing  to  the  small 
amount  of  light  which  they  give,  or  the  sensitiveness  which  shows 
itself  by  the  ease  with  which,  the  light  becomes  extinguished.  Until 
a  safety  lamp  that  will  give  a  light  equal  to  at  least  one  candle 
power  can  be  placed  in  the  miner's  hands,  it  cannot  be  said  that  the 
limit  of  improvement  has  been  readied. 

Lighting  Potoer  of  Lamps, — The  lighting  power  of  lamps  is  a  very 
variable  quantity,  and  differs  very  much  under  difierent  conditions. 
To  obtain  good  results  there  must  be  a  good  burning  oil,  a  fairly 
large  wick  and  burner,  and  a  glass  so  made  that  it  will  diffuse  the 
light  in  every  direction.  With  safety  lamps,  under  ordinary  condi- 
tions, it  takes  about  three  Mueseler's  or  Marsaut's  to  yield  one 
candle  power. 

Some  tests  were  made  a  few  years  ago  with  various  safety  lamps  at 
the  Hamilton  Gasworks,  and  the  following  results  were  obtained  : — 


Name  of  Lamp. 

Number  of  Lamps  equal 
to  one  Standard  Candle. 

Oil  burned. 

Naked  light,    . 

076 

Paraffin  wax. 

fi             ... 

0*60 

Sweet  oil 

Pavy  lamp,      .        .        .        . 
Mueseler  (Belgian),  . 

617 

$» 

2-61 

it 

,.        (protector), 

2-02 

Naphtha  spirits. 

Williamson  lamp^     . 

1-54 

Sweet  oiL 

*  The  following  table  is  given  by  Professor  Lupton,  showing  the 

*  Lupton's  Mining,  p.  288. 
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light  of  different  safety  lamps  compared  with   that  of  a  standard 
candle : 


Name  of  Safety  Lamp. 


Davy  lamp,  good  flame,  . 
i'rotector  shielded  Marsaut, 


Number  of  lamps  re- 
quired to  equal  one 
ataudard  sperm  can> 
die,  the  illuminatinff 
object  being  on  alevd 
with  the  flame. 

18  (average) 
3 


Number  of  lamps  required  to 
equal  one  sperm  candle, 
allowing  for  the  sliade  casi 
by  lamp  cover,  bottom,  and 

Ellar,  the  candle  and  the 
mp  being  each  in  a  cylinder 
of  white  tracing  paper  2  tL 
high  and  8  in.  diameter. 

26  (average) 


ft 

*f 
tt 
»i 
)} 
'I 
11 
fi 


5  (average) 

in    „ 

28        .. 


flame  average  height,  .        .  i\ 

Deflector  lamp,  large  flat  flame,  8 

,,  „     moderate  clear,  5 

Oiifford  lamp,  very  good  flame,  I^, 

„  „     moderate  flamo,  2^ 

Ashworth  lamp,      .        .        •  S^ 

Stephenson  lamp,  good  flame,  7^ 
Tallow  caudle,  good   average 

flame,  ....  If 

The  light  of  safety  lamps  will  depend  a  good  deal  on  the  sort  of 
oil  used  and  the  state  of  the  ventilation ;  light  oils,  such  as  petroleum 
and  colzaline,  giving  a  much  hetter  aud  clearer  light  than  heavy  oils^ 
such  as  rape  or  seal  oil. 

If  light  oils  are  used,  they  require  to  be  very  carefully  handled, 
and  no  naked  lights  brought  near  the  oil  receiver,  as  they  give  off 
inflammable  gases  at  comparatively  low  temperatures,  and  are  apt  to 
catch  fire  very  readily  and  do  much  damage.  The  writer  has  known 
at  least  half-a-dozen  cases  where  lamp  rooms  have  been  set  on  fire 
and  destroyed  through  careless  handling  of  these  light  oil& 

The  Royal  Commission  on  Accidents  in  Mines  recommended  a 
mixture  of  vegetable  or  animal  oil  with  about  one-half  its  volume 
of  a  petroleum  oil  of  safe  flashing  pointy  as  giving  the  best  results  as 
an  iUuminant  for  safety  lamps. 

Cost  of  Upkeep  of  Lamps, — The  average  cost  of  safety  lamps — if 
used  with  light  oils,  which  are  cheaper  than  the  heavy  vegetable  oils, 
— including  both  oil  and  wick,  is  about  a  halfpenny  per  lamp  per 
shift.  Thus  Davy  lamps  cost  about  0'375d.  per  day  for  oil  sdone ; 
Mueseler  lamps  about  0*295d. ;  while  the  cost  of  naked  lights  may 
be  estimated  at  l*25d.  per  diem. 

The  following  is  a  detailed  statement  of  the  cost  of  safety  lamps 
per  annum,  as  ascertained  at  the  Clyde  Collieries,  Hamilton,  although 
the  writer  thinks  that  some  of  the  items,  such  as  gauzes  and  glasses, 
are  underestimated : — 

Cost  of  oil  (800  days)  per  lump,    .  .  . 

Repairs,  „  ,, 

Gauzes  and  glasses  (800  days)  per  lamp,   . 
Lampmen's  wages,         ,,  „ 

Total  oost, . 


8. 

d. 

7 

a 

0 

*i 

0 

n 

9 

H 

iL 

Ji 
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Locking  Contrwaneea. — Nothing  conducee  more  to  the  safety  of 
a  lamp,  or  of  those  nsing  it,  than  an  efficient  method  of  locking ;  toi 
if  the  cause  of  many  explosions  could  be  accurately  sscertaioed,  it 
would  be  found  that  not  a  few  of  them  were  caused  by  minera  them- 
aelvea  surreptitiously  opening  their  lamps ;  indeed,  in  many  explo- 
sions, this  ha^  been  clearly  ascertuned  to  have  oaused  the  disaster. 
It  ia  &  notorious  fact  that  few  men  are  more  careless  of  their  own 
safety  than  miners,  who  have  been  known  to  open  their  lamps  at  the 
face,  even  in  the  neighbourhood  of  large  quantities  of  fire-damp. 

In  the  old  method  of  locking  lamps,  a  padlock  was  often  used,  and 
could  be  opened  easily  by  a  duphoate  or  skeleton  key.  Another 
lock  which  was  largely  used,  and  is  still  used  to  some  extent,  was  a 
small  screw  bolt,  either  with  a  square  or  tapered  head,  which  was 
turned  until  the  body  of  the  lamp  and  the  bottom  were  fastened  to- 
gether, by  means  of  the  bolt  pinching  the  bottom  part.  This  lock 
was  of  little  use,  as  any  workrnan  witii  an  old  nail  filed  to  the  proper 
size  could  open  his  lamp  by  unscrewing  the  lock.  The  simplest  and 
best  method  of  locking  a  lamp  is  by  using  a  riveted  lead  ^ug,  con- 
necting the  body  of  the  lamp  with  the  oil-vessel.  The  lead  plug 
should  be  firmly  riveted,  and  each  end  stamped  with  letters  or  marks, 
varied  from  day  to  day. 

Without  this  precaution  it  has  been  found  that  the  rivets  can  he 
removed  and  replaced  in  such  a  way  as  to  render  detection  extremely 
diffioulb 

Magnetic  locks  are  also  used,  in  which  the  lamp  can  only  be 
opened  by  the  aid  of  a  powerful  magnet.     Of  this  class.  Wolfs  mag- 
netic look  IB  the  simplest  and  most 
satisfactory. 

Protertor  Lock. — Many  lamps  are 
now    fitted    with     the    'Protector' 
-    ,  arrangement    for    securing    the    oil- 

J^tptetire  vuw  <d  ULO/      vessel  to  the  top  part  of  the  lamp. 
OMA/  vO  In  addition  to  this  arrangement  the 

lamp  is  also  locked  in  the  usual  way. 
The  apparatus  will  be  understood 
from  figs.  469,  460.     The  wick-tub© 
has  a  screw  thread  upon  it  through- 
out its  whole  length,  and  on  this  is 
screwed  a  'thimble'  ao,  provided  at 
its  lower  end  with  a  flange,  on  the 
outer  end  of  which  a   screw-thread 
is  also  cut     By  the  lattor  screw  the 
Fioa.«9,«0.-'Piotector'Loot     oil-cup    'B    attached    to    the    lamp, 
and,  when  this  has  been  done,  the 
flanged  thimble  is  fastened  in  position  by  a  bolt  h,  provided  with 
a  spring;    the    bolt    cannot,    therefore,   be    withdrawn    until   the 
oil-Clip  is  removed.     The  thimble  is  screwed  on  to  the  wick-tuhc 
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before  the  wiok  is  lighted.  The  oil-vessel  can,  of  oourae,  be 
readily  removed,  but  only  by  making  the  end  of  the  wick-tube 
traverse  the  closely-fitting  thimble  above  mentioned  for  a  distance  of 
1  to  1'5  iu.,  and  during  this  process  the  diminished  flame  of  the 
naphtha  spirit  is  certain  to  be  extinguished.  With  this  arrangement 
it  is  practically  impossible  to  open  the  lamp  without  extinguishing 
the  flame,  unless  the  lock  bolt  gets  broken  or  the  spring  atteushed 
gets  out  of  order,  which  does  not  readily  happen  with  fair  treatment. 

As  already  stated,  the  oil-vessel  is  fastened  in  the  ordinary  method 
by  riveting  with  a  lead  plug,  which  gives  additional  security,  and  also 
permits  the  oil-vessel  to  be  partially  unscrewed  for  the  purpose  of 
regulating  the  flame,  but  prevents  it  hx)m  being  altogether  withdrawn. 

Testing  Lamps. — ^All  safety  lamps,  before  being  taken  into  the 
mine,  require  to  be  tested  at  the  lamp  station  on  the  surface,  or  at  a 
station  at  the  bottom  of  the  shaft,  to  see  that  they  are  in  a  safe 
condition  for  using,  and  also  to  ascertain  that  the  parts  are  properly 
fitted  together,  particularly  the  glass  and  the  connecting  parts  at  the 
top  and  bottom  of  it,  for  it  is  absolutely  essential  to  safety  that  no 
opening  should  be  left  at  the  junction  of  the  glass  with  the  brass  rings 
for  an  explosive  mixture  to  enter  the  lamp  and  ignite  at  the  flame. 

The  testing  of  the  lamps  is  often  done  in  a  very  cursory  way  at 
many  collieries,  owing,  no  doubt,  to  the  lamp  attendant  not  being 
aware  of  the  true  value  of  such  testing. 

The  simplest  method  of  testing  safety  lamps  is  to  take  a  brass  tube 
of  small  diameter,  somewhat  like  a  blow-pipe,  and  to  blow  through  it 
with  the  mouth  so  that  a  current  of  air  impinges  against  the  gla^  all 
round  the  top  and  bottom  edges.  If  the  glass  is  not  properly  fitted, 
it  will  be  detected  by  the  current  of  air  getting  in  at  the  edges  and 
deflecting  the  flame  or  extinguishing  it  altogether. 

Sometimes  the  lamps  are  tested  in  a  more  scientific  manner  by 
being  inserted  in  an  inflammable  mixture  to  see  if  they  are  really 
'  safe,'  this  method  being  much  better  than  the  blow-pipe  test. 

*  A  testing  apparatus  for  safety  lamps  is  shown  in  fig.  461. 

A  and  B  are  two  cylinders  which  fit  into  one  another.  The 
cylinder  A  is  filled  with  water  to  about  three-fourths  of  its  capacity, 
and  the  cylinder  B,  the  bottom  of  which  is  open,  contains  a  valve  at 
the  top  of  it.  By  simple  pressure  of  the  thumb,  the  valve  can  be 
opened,  whereupon  cylinder  B  is  made  to  rise  to  three-fourths  of  its 
height,  and  become  filled  with  air.  At  the  bottom  of  the  cylinder  A 
is  a  pipe,  which,  as  it  extends  above  the  surface  of  the  water,  receives 
the  air  that  cylinder  B  forces  into  the  reservoir  C,  where  the  gases 
are  generated.  C  is  a  reservoir,  the  inside  of  which  is  divided  by 
several  partitions,  made  of  corrugated  iron,  and  filled  with  some 
absorbent  material  such  as  cotton  wool.  The  glass  cylinder  D  is 
filled  with  benzine  immediately  before  the  apparatus  is  required  for 

*  The  author  is  indebted  to  the  makers,  Messrs  Friemann  k  Wolf,  for  the 
diagram  and  description  of  this  apparatus. 
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use.  If  the  cock  E  be  opened,  the  benzine  will  flow  into  the 
reservoir  C,  in  which  it  is  obliged  to  follow  the  windings  of  the  sheet 
iron,  and  iu  this  manner  offers  a  large  surface  to  the  air,  the 
latter  being  thus  impregnated  with  benzine  and  transformed  into 
gas. 

The  gas  then  pnsses  through  the  cock  F  iuto  the  testing  cylinder 
Q,  which  is  made  of  tin-plate,  and  fitted  with  a  pane  of  glusa.  Inside 
this  testing  cylinder  there  is  a  spiral  pipe,  the  inside  of  which  is 
drilled  with  small  holes  which  serve  for  the  admission  of  air.  By 
means  of  a  metal  sliding  valve  the  quantity  of  air  entering  may  tie 
regulated.     The  lighted  lamp  is  plnced  within  the  spiral  pipe  in  the 


Flo,  181.— Toatdng  Appamtiu  for  Stihlj  Lamps, 

cylinder  0,  and  the  cock  F  is  opened.  The  gas  issues  through  the  fine 
holes  in  the  pipe  and  streams  ou  to  the  lamp. 

If  the  latter  be  defective,  the  generated  gas  will  be  ignited  in  the 
cylinder  G,  but  the  flame  of  a  well-fitted  lamp  will  be  extinguished 
in  the  presence  of  too  large  a  quantity  of  this  gas,  which  will  produce 
the  same  efiect  upon  the  flame  as  fire-damp  does. 

To  make  more  elaborate  tests  of  safety  lamps  in  explosive  gases, 
a  larger  and  more  costly  apparatus  may  be  employed.  The 
apparatus  will  be  understood  from  Jig.  462.  It  consists  of  a  tank 
A,  surrounded  by  water  like  an  ordinary  gasholder.  Connected  to 
this  tank  are  two  pipes  C  and  D,  of  2  in.  diameter.  The  pipe  C  is 
connected  to  the  mouth  of  a  long  wooden  box  B,  about  2C  ft.  long,  lOJ 
in.  high,  and  4j  in.  wide,  constructed  of  boards  1}  in.  thick,  carefully 
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jointed  together,  with  all  cracks  or  seams  completely  dosed.  On  the 
top  of  this  box,  and  at  distances  of  2^  ft.  apart^  are  openings  which 
are  closed  with  covers  HH,  which  are  easily  displaced  by  any 
explosion  of  gas  which  may  occur  in  the  box,  and  permit  the  exploded 
gas  to  escape. 

To  produce  changes  in  the  direction  of  the  current  of  mixed  gases 
from  the  horizontal,  upward  or  downward,  according  as  it  may  be 
desired  that  the  gas  should  impinge  upon  the  burning  lamp,  arrange- 
ments have  been  made  to  adjust  the  lamps  inside  to  different  levels 
(see  fig.  462). 

In  order  to  make  the  necessary  observations  on  the  conduct  of  the 
lamps  during  the  test,  a  part  of  the  wooden  box  is  inclosed  by  a 
wooden  partition  I,  in  such  a  way  as  to  entirely  darken  it,  and  enable 
the  observation  of  every  change  in  the  flame  of  the  safety  lamp  to  be 
made.     The  somewhat  dangerous  observation  of  the  safety    lamp 
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during  a  test  is  made  through  a  glass  plate  ^  in.  thick,  which  is  set  in 
the  door  through  which  the  lamp  is  placed  in  the  box. 

The  velocity  of  the  air  current  or  gas  mixture,  which  can  be 
increased  up  to  59  ft.  per  second,  is  produced  by  means  of  a  steam 
nozzle  E,  the  steam  having  a  pressure  of  75  lbs.  per  sq.  in.  enters 
the  nozzle  through  a  valve  to  which  an  arm  K  is  attached,  by  means 
of  which  it  can  be  adjusted  so  as  to  produce  the  desired  velocity.  In 
order  to  adjust  and  indicate  the  velocity  an  anemometer  is  us^,  and 
a  scale  constructed  which  indicates  the  velocity  by  means  of  a 
pointer  attached  to  the  arm. 

The  gas  is  conducted  to  the  apparatus  by  the  pipe  D  into  the  gas 
tank,  to  which  is  attached  a  meter  for  measuring  accurately  the 
quantity  of  gas  entering  the  holder. 

By  weighting  the  gas  tank,  the  gas  will  be  forced  down  the  pipe  C 
into  the  wooden  box,  the  inflow  being  regulated  and  adjusted  by  a 
nozzle  having  a  pointer  and  scale  F  attached,  to  show  the  percentage 
of  the  gas  mixture. 


SAFETY  LAMPS.  433 

The  end  of  the  pipe  C,  where  it  enters  the  box,  terminates  in  a 
funnel-shaped  opening  which  is  covered  with  a  gauze  so  as  to  prevent 
the  flame,  in  case  of  an  explosion  caused  by  a  lamp,  from  entering 
the  gas  pipe  and  communicating  with  the  gas-holder. 

This  apparatus  can  only  be  used  when  a  supply  of  coal  gas  is 
available. 

Trimming  and  Gleaning  Lamps.— Probably  nothing  is  more 
important  as  regards  safety  lamps  than  proper  cleaning,  trimming 
and  fitting  together  of  the  various  parts  of  which  they  are  composed, 
for  this  part  of  the  work  bears  directly  upon  the  safety  of  the  whole 
colliery. 

While  the  object  to  be  aimed  at  is  to  get  a  good  safe  lamp,  giving 
out  a  good  light,  simplicity  of  construction  is  also  to  be  greatly 
desired,  and  this  is  wanting  in  many  lamps  brought  before  the 
public.  When  it  is  considered  that  at  some  collieries  from  500  to 
1000  safety  lamps  have  to  be  cleaned,  trimmed,  and  fitted  together 
every  shift,  the  necessity  of  simplicity  in  construction  is  at  once 
apparent,  because,  if  a  lamp  is  complicated  and  consists  of  a  great 
many  parts,  there  is  a  great  probability  that,  in  preparing  a  large 
number  for  use,  some  may  be  imperfectly  put  together,  and  however 
safe  a  lamp  may  be  when  in  perfect  order,  it  may  become  most 
unsafe  under  these  conditions.  The  principal  parts  of  a  safety  lamp 
which  are  liable  to  get  out  of  order,  or  may  be  improperly  fitted 
together,  are  the  gauzes,  the  glass  chimney,  and  the  joints  between 
the  latter  and  the  metal.  The  glasses  used  for  safety  lamps  should  be 
of  the  best  quality,  ground  smooth,  and  parallel  at  the  edges ;  glasses 
with  chipped  or  rough  edges  should  be  discarded,  for  it  is  almost 
impossible  to  get  tight  joints  where  they  come  in  contact  with  the 
metal  rings.  In  the  latter,  *  washers '  of  asbestos  millboard  should 
be  introduced,  which  will  give  a  good  bearing  surface  to  the  edges 
of  the  glass.  Washers  of  leather  or  india-rubber  are  not  to  be 
recommended,  as  they  are  perishable  and  shift  their  positions  if  they 
become  strongly  heated,  which  often  occurs.  The  gauzes  should 
also  be  carefully  examined  daily,  and  thoroughly  cleaned  so  as  to  free 
them  from  any  oil  or  coal  dust  which  may  have  clogged  the  meshes 
while  underground.  At  the  majority  of  collieries  the  gauzes  are 
cleaned  by  hand,  and  where  the  lamps  are  not  very  dirty  this  does 
well  enough,  if  good  brushes  of  the  proper  size  and  quality  are  used, 
but  in  collieries  where  the  workings  are  muddy  and  the  dirt  adheres 
firmly  to  the  gauze,  the  lamps  are  more  difficult  to  clean,  as  the  dirt 
adheres  strongly  to  the  gauze  and  cannot  easily  be  removed.  When 
this  is  the  case,  the  lighting  power  of  the  lamp  will  become  very 
inefficient,  as  the  necessary  air  for  proper  combustion  is  unable  to 
reach  the  flame. 

Machines  either  worked  by  hand  or  steam  power  are  now  used 
for  cleaning  the  gauzes  and  glasses.  By  this  means  the  gauzes  are 
cleaned  more  thoroughly,  and  are  not  subjected  to  such  rough  treat- 
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ment  as  when  cleaned  by  hand,  there  being  also  an  economy  in  labour, 
an  experienced  man  being  able  to  clean  300  to  400  gauzes  per  hour. 

Filling  and  Lighting  Lamps, — As  already  stated,  the  utmost  care 
should  be  exercised  in  charging  safety  lamps  with  oil,  especially  if 
the  oil  used  is  what  is  termed  a  '  light '  oil,  such  as  petroleum,  naphtha 
or  benzine,  either  of  which  is  of  a  highly  inflammable  nature,  especi- 
ally when  the  temperature  reaches  a  certain  point  These  oils,  as  a 
rule,  have  a  very  low  *  flash '  point  (about  70*  F.),  and  when  they 
reach  this  point  they  give  off  a  dangerously  combustible  vapour 
which  will  readily  explode  if  brought  in  contact  with  a  light.  At 
collieries  where  these  oils  are  used,  the  lamp-room  should  be  so 
arranged  that  the  lamps  can  be  filled  in  a  separate  apartment  to 
that  in  which  they  are  lighted  before  distribution  to  the  men.  It 
wiU  also  increase  the  security  against  fire  or  explosion  if  the  filling 
tank  containing  the  oil  is  situated  in  a  special  vault  outside  the 
lamp-room,  and  a  pipe  led  from  it  to  where  the  lamps  are  filled. 

Dripping  pans  should  always  be  provided  below  each  filling  tap 
to  receive  any  excess  of  oil.  The  dripping  pans  should  be  emptied 
at  frequent  intervals,  as  it  is  often  from  the  overflowing  or  upsetting 
of  one  of  these  that  accidents  occur. 

Tanks  which  work  automatically  are  sometimes  used  for  filling  the 
lamps.  Such  an  apparatus  consists  of  an  iron  tank  which  holds  10 
to  15  gallons  of  oil,  and  by  means  of  a  three-way  cock  placed  at  the 
bottom  of  the  tank,  the  small  quantity  of  naphtha  necessary  for  the 
filling  of  a  lamp  is  drawn  from  the  tank  into  the  glass  reservoir,  and 
by  the  turning  of  the  cock  is  entirely  shut  off  from  that  in  the  tank. 
When  the  sponge  in  the  lamp  will  absorb  no  more  oil,  the  outflow 
from  the  reservoir  stops  automatically.  By  this  arrangement  safety 
and  economy  are  secured. 

Nbte.-^FoT  students  who  desire  more  detailed  information  as  to  safety  lamps, 
the  author  would  recommend  The  Report  of  the  Roycd  Commission  on  AcddeiUx 
in  Mines,  1886,  where  over  one  hundred  such  lamps  are  figured  and  described. 
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SURFACE  ARRANGEMENTS,  COAL  CLEANING,  ETC. 

Siding  Accoznmodatioii. — For  the  handling  of  a  large  daily  output 
of  coal,  plenty  of  siding  accommodation  both  for  loaded  and  empty 
waggons  should  be  provided.  Many  large  collieries  provide  sidings 
for  200  or  300  loaded  trucks,  or  for  one  day's  output.  This  will  be 
all  the  more  necessary  if  the  colliery  is  situated  at  a  considerable 
distance  from  the  main  line,  and  a  clearance  is  effected  only  once  or 
twice  daily.  With  the  modem  practice  of  separating  the  coal  into 
many  different  classes  for  the  market,  the  nimiber  of  sidings  requires 
to  be  greater  than  formerly,  when  it  was  customary  to  simply  separate 
the  dross  from  the  round  coal.     From  various  causes  the  ground  at 
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Fio.  463. — Plan  of  Surface  Arrangements. 

disposal  may  be  limited  in  area  for  sidings,  in  which  case  it  is  im- 
possible to  provide  large  storage  lyes  for  loaded  waggons.  As  to  the 
general  arrangement  of  surface  buildings,  such  as  engine-houses, 
boilers,  screens,  etc.,  the  area  and  disposition  of  the  ground  inclosed 
will  largely  determine  the  matter  for  each  individual  colliery.  A 
general  plan  of  surface  arrangements  is  shown  in  fig.  463,  taken  from 
those  of  a  large  colliery  raising  from  1200  to  1500  tons  of  coal  daily. 
Inclination  of  Sidings. — The  proper  inclination  for  colliery  sidings 
is  an  important  matter.     From  the  author's  own  experience  he  has 
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Found  that  the  best  gradient  behind  the  screens  is  about  1  in  70  for 
the  empty  waggons,  with  the  inclination  towards  the  shaft,  while  1  in 
60  to  66  is  best  suited  for  the  loaded  waggons  in  front  of  the  screens. 
With  these  grHdients  the  waggons  should  moTO  freely  in  all  weathers. 
BoQers. — The  boilers  used  at  collieries  Diay  be  of  either  the  ordi- 
nary eg^-end,  or  of  the  Lancashire  or  Comi^  types.  Where  rapid 
steaming  and  high  pressures  are  required,  the  Lancashire  boiler  is 
the  best  to  use,  and  also,  as  a  rule,  more  economical,  convenient,  and 
durable.  If  large  grate  area  is  required,  low  pressures,  and  low  first 
ooab,  the  egg-end  type  of  boiler  may  be  found  better  suited. 


FiQS.  464,  4SB.  — LoDgitudinkI  and  Orosa  Sections  of  Comiab  Boiler. 

Cornisk  Boilera. — Cornish  boilers  consist  of  a  cylindrical  shell  a, 
with  flat  ends,  and  having  near  tbe  bottom  a  smaller  shell  or  tube 
b  (figs.  464,  465),  which  passes  through  the  larger  one  and  forma  the 
fumaca  The  products  of  combustion  pass  from  the  furnace  to  the 
end  of  the  tube,  and  return  by  the  two  side  tines  //  to  the  front  of 
the  boiler,  pass  into  the  bottom  flue  g,  and  bo  reach  the  chimney.  By 
this  arrangement  tbe  gases  are  reduced  in  temperature  before  com- 
ing into  contact  with  the  bottom  of  the  boiler,  where  all  the  sediment 
collects,  and  there  is  therefore  no  danger  of  burning  the  plates  on 
the  under  side  of  the  boiler. 


8UBFACE  ARRANGEMENTS,  COAL  CLEANING    ETC. 


437 


Lancashire  Boilers. — This  type  of  boiler  differs  from  the  Coraish 
in  having  two  internal  furnace  tubes  instead  of  one.  The  separate 
furnaces  are  intended  to  be  fired  alternately,  so  that  while  one  is 
giving  off  smoke  and  unbunit  gases,  the  other  is  burning  briskly, 
and  yielding  its  maximum  heating  effect  By  this  arrangement  the 
mixture  of  smoke  and  unbumt  gasee  from  the  '  green  '  fire  are  con- 
sumed in  the  flues,  where  they  are  nused  to  the  necessary  tempera- 
ture by  the  gases  coming  from  the  bright  fire. 

The  method  of  ventilation  and  draught  is  similar  in  the  Lancashire 
to  that  in  the  Cornish  boiler.  The  furnace  gases  pass  to  the  end  of 
the  furnace  tube,  and  thence  by  the  flue  underneath  the  boiler  to 
the  front,  where  they  divide  and  pass  by  the  aide  flues  to  the  back 
of  the  boiler,  from  whence  they  escape  into  the  chimney. 

Figs.  466,  467  show  a  cross  and  longitudinal  section  of  the  seating  of 
1  Lancashire  boiler.     The  aide  flues  and  dosing  tiles  should  be  of  the 
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best  firebrick.  In  order  to  increase  the  heating  surface  and  promote 
a  better  circulation  of  water,  the  furnace  tubes  of  Lancashire  and 
Cornish  boilers  are  often  fitted  with  water  tubes,  those  known  as  the 
'  Galloway '  tubes  being  the  best  known  and  the  most  generally  used. 
Such  tubes  have  their  disadvantages,  however,  as  they  tend  to  cool 
the  furnace  gases  and  retard  combustion. 

The  Cornish  boiler  varies  from  16  to  30  ft  in  length  by  DJ  to  8 
ft.  in  diameter,  the  diameter  of  the  furnace  tulw  being  SJ  to  4}  ft 
The  length  of  a  Lancashire  boiler  varies  from  20  to  36  ft,  and  the 
diameter  from  5J  to  8  ft.,  a  size  much  used  for  colliery  work  being 
27  ft  6  in.  X  7  ft,  6  in.  diameter.  The  furnace  tubes  are  usually 
about  2  ft  6  in.  or  2  ft.  9  in.  diameter.  Boilers  of  either  type 
ought  to  be  supplied  with  a  safety  valve,  steam-gauge,  glass  water- 
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gauge,  stop  valye,  water  float,  sludge,  steam  and  feed  water  pipes, 
blow-off  cock  and  pipe,  damper,  eta 

Accidents  in  Boilers, — Accidents  to  boilers  are  generally  due  to  the 
following  causes,  viz.,  defective  water  supply,  corrosion  and  incrusta- 
tion of  shell,  or  defective  safety  valves.  Accidents  also  happen  from 
plates  getting  worn  thin,  or  rivets  becoming  fractured. 

In  the  case  of  a  defective  water  supply,  if  the  water-level  becomes 
dangerously  low  in  the  boiler  the  fire  should  on  no  account  be  with- 
drawn, as  this  procedure  may  accelerate  an  explosion  by  the  sudden 
cooling  of  the  plates ;  the  fire  should  be  damped  with  small  coal  or 
ashes,  the  damper  put  down,  and  the  boiler  allowed  to  cool  gradually 
before  water  is  put  in. 

Incrustation  in  steam  boilers  generally  arises  from  the  presence  of 
acids  in  the  feed  water,  such  as  sulphate  or  carbonate  of  lime.  If 
the  impurity  is  found  to  consist  almost  entirely  of  carbonate  of  lime, 
the  feed  water  may  be  treated  by  the  addition  of  caustic  lime  or 
milk  of  lime,  or  by  what  is  known  as  Clark's  process. 

When  carbonate  and  sulphate  of  lime  are  both  known  to  be  present, 
the  feed  water  may  be  treated  with  caustic  soda  or  soda  ash.  With 
both  of  these  methods,  considerable  expense  is  involved,  as  large 
tanks  are  required  to  hold  six  to  eight  hours'  water  supply;  and 
instead  of  treating  the  feed  water  in  any  way,  it  is  allowed  to  enter  the 
boiler  and  the  lime  precipitated  in  the  boiler  itself,  and  the  sediment 
blown  off  frequently. 

Boilers  ought  to  be  carefully  inspected,  internally  and  externally, 
and  reported  on  every  three  months  by  a  competent  boiler  inspector. 

Evaporative  Power  of  Boilers. — Theoretically  1  lb.  of  coal  should 
evaporate  from  12  to  16  lbs.  of  water,  at  212**  F.,  the  actual 
amount  depending  on  the  quality  of  the  coal.  In  practice  a  Lanca- 
shire boiler  will  evaporate  8  to  10^  lbs.  of  water  at  212*"  F.  per  lb. 
of  coal  burned,  and  a  Cornish  boiler  7  to  9  lbs.  of  water  per  lb.  of 
coal. 

The  weight  of  water  which  can  be  evaporated  per  hour  for  any 
given  size  of  engine  may  be  found  by  the  following  formula : 

«T_D« X  7864 X L X 2 X R x60xa 

1728 

Where  W  equals  the  weight  of  water  to  be  evaporated  per  hour ;  D  the 
diameter  of  cylinder  in  inches ;  L  the  lensth  of  stroke  m  inches ;  R  the 
revolutions  of  crank  per  minute,  and  a  the  viJue  of  1  cnb.  ft.  of  steam  at  given 
pressure. 

Example, — In  an  engine  with  a  cylinder  20  in.  diameter,  a  24  in.  stroke,  and 
making  eighty  revolutions  per  minute,  what  amount  of  water  would  require  to 
be  evaporated  per  hour  if  the  steam  pressure  is  65  lbs.  per  sq.  in.  I 

Here  the  value  of  a=  *1588  lb.  at  65  lbs.  absolute  pressure. 


•  • 


^_20'x  -7854  X 24 X  2 X 80  X  60  X  '^^^^-qh^'U  Iba. 


SURFACE  ARRANGEMENTS,  COAL  CLEANING,  ETC.  439 

Rate  of  CowXmtHon* — ^The  rate  of  ooinbustion  of  fuel  iu  the  furnaces  of  steam 
boilers  is  usually  expressed  in  pounds  of  coal  consomed  {>er  sq.  ft.  of  grate 
surface  per  hour.  In  ordinary  boilers  the  rate  of  combustion  is  from  15  to  20  lbs, 
of  coal  per  sq.  ft.  of  grate  per  hour. 

Strength  of  Boilers. — The  strength  of  boilers  depends  on  their  construction  and 
upon  the  material  of  which  they  are  made.  Boilers  are  now  j^enerally  made 
of  best  mild  steel,  with  the  exception  of  the  manhole  mouth-pieoe  and  longi- 
tudinal bolt-stays  which  are  usually  of  wrought-iron. 

The  tenacity  of  wrou<;ht-iron  is  given  at  50000  lbs.  per  so.  in.,  and  that  of 
steel  for  boiler  plate  80000  to  90000 Jbs.  per  sq.  in.,  and  a  factor  of  safety  of 

6  to  8  is  usually  allowed. 

Let  t  represent  the  required  thickness  of  plate  in  in.;  p  the  working  pressure 
in  lbs.  per  sq.  in. ;  d  the  diameter  of  boiler  in  in. ;  and  M  the  &otor  of  safety. 

Thou  for  wrought-iron  boilers  <=^- x  M  oTp^^-^"^^  (single  riveted). 

And  t=  -^U  X  M  (double  riveted). 
60000 

For  steel  boilers  «=„#4-  x  M  orp^^^J^^^  (single  riveted). 

70000  dxM  ° 

And  <=  ^^  X  M  (double  riveted). 
90000 

Example, — What  thickness  of  double  riveted  boiler  plate  would  be  required  for 
a  steel  boiler  7}  ft.  diameter  to  work  at  a  pressure  of  80  lbs.  per  sq.  in.  I 

Here  t^^^^J't^^^  ^  8=?ii?=  '64  in.  or  about  H  of  an  in. 
90000  75 

Example. — What  would  be  the  bursting  pressure  of  a  single  riveted  steel  boiler 

7  ft.  diameter,  with  plates  |  of  an  in.  thick  t 

H«e,='-^i^0=liig0?0=620-8  lbs.  per  sq.  in. 

Low  and  Bevis  give  the  following  formula  for  the  safe  working  pressure : 

p^  — ;  where  <= thickness  in  in.,  and  <{=: diameter  of  shell  in  in. 

d 

For  the  strength  of  boiler  tubes,  plain  iron,  Fairbaim  gives  the  formula  : 

P=  — J  -%i — ;  where  Ps  collapsing  pressure  per  sq.  in.;  L= length  of  tube 

in  ft,  and  D= diameter  of  tube  in  in. 
Where  great  accuracy  is  not  required  ^  may  be  substituted  for  ^'^K 

Number  of  Boilers  required, — The  number  of  boilers  required  at  a 
colliery  will  depend  upon  the  class  of  boiler  used,  the  kind  of  fuel 
supplied,  and  the  number  of  engines  to  be  simultaneously  supplied 
with  steam. 

A  good  Lancashire  boiler,  consuming  about  7  cwts.  of  good  coal 
per  hour,  should  suffice  for  an  engine  of  about  200  horse  power,  but 
at  collieries  where  the  fuel  supplied  for  firing  is  often  of  a  very 
inferior  quality,  about  180  horse  power  would  be  furnished  per 
boiler,  or  even  less.  One  spare  boiler  should  be  allowed  for  every 
four  or  five  in  use. 
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Au  approximate  method  of  estimating  the  boiler  requirements  is  to 
allow  one  28  ft.  x  7  f t  Lancashire  boiler  for  every  13000  cub.  ft.  of 
steam  required  per  hour. 

Boiler  Chimneys, — Chimneys  or  stacks  may  be  either  square, 
octagonal,  or  circular,  the  circular  form  being  the  best  shape,  but  at 
the  same  time  more  expensive  to  build,  as  the  bricks  require  to  be 
specially  made  for  each  section  of  the  chimney.  Plenty  of  area 
should  be  allowed  in  chimneys,  as  it  is  useless  to  make  large  flues  at 
the  boilers  and  not  to  have  a  corresponding  area  in  the  chimney. 
The  area  at  the  top  should  be  about  the  same  as  at  the  boiler  flues. 

The  following  formula  may  be  employed  for  chimneys,  taking  the 
consumption  of  fuel  at  21  lbs.  of  coal  per  sq.  ft.  of  fire  grate  per  hour 

as  a  basis :— A  =  — 7=-  or  jR^—j--  ;  where  A » area  of  chinmey  in 

sq.  ft.  at  top  or  smallest  part ;  G  »  area  of  fire  grate  in  sq.  ft. ;  and 

H=:  height  of  chimney  in  ft.  above  fire  bar  level. 

If  the  coal  consumed  is  likely  to  be  lower  than  21  lbs.  per  sq.  ft 

•07W 
of  fire  grate  per  hour,  then  the  formula  A  =»  — t=-  may  be  employed, 

W  being  the  actual  weight  of  fuel  consumed  in  lbs.  per  hour. 

The  height  of  a  chimney  will  depend  on  the  number  of  boilers  and 
the  total  coal  consumed,  and  is  often  determined  by  local  considerar 
tions,  especially  if  the  colliery  is  situated  near  a  town,  as  the  authori- 
ties then  often  specify  a  certain  minimum  height  for  chimneys. 
Chimneys,  as  a  nde,  should  not  be  much  less  than  90  or  100  ft.  in 
height. 

*  The  following  table  gives  the  height  of  chimney  according  to  the 
weight  of  coal  consumed : 

Weight  of  Coal  Height  of  Weight  of  Coal  Height  of 

consumed  per  hoar.  Chimney.  oonsumed  per  hour.  Chimney. 

100  lbs.  and  under  60  ft.  8000  lbs.  and  under  160  ft 

600      „          „  100  „  4000    „            „  180  ,, 

1000      „          „  I'^O  „  5000    ,,   and  upwards  200,, 

2000      „          „  140  „ 

The  chimney  should  be  built  up  on  good  solid  foimdations,  rock,  if 
possible,  with  a  solid  bed  of  concrete  2  to  3  ft.  thick  for  a  base,  the 
brickwork  being  built  up  vertically  for  a  certain  distance  and  gradu- 
ally tapered  off  in  4^  in.  courses  to  the  required  size.  The  thickness 
of  brickwork  for  chimneys  depends  on  their  height,  but  except  for  very 
small  chimneys  it  should  never  be  less  than  9  in.  at  the  top.  The 
outside  batter  should  be  from  ^  to  ^  in.  per  rising  foot,  or  about 
1  in  56. 

Banking-Out. — Probably  few  things  have  undergone  more  changes 
in  recent  years  than  the  banking-out  arrangements  at  collieries.     It 

•  The  Practical  3ngirieer*8  Pocket  Book,  1897,  p.  67. 
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was,  and  is  still  at  a  large  number  of  collieries,  the  general  practice 
to  cover  the  landing-stage  with  flat-sheets  or  iron  plates  on  to  which 
the  tubs  could  be  drawn  when  taken  from  the  cage,  and  turned  in 
any  direction  required.  No  doubt  this  system  has  its  advantages, 
but  it  requires  a  great  deal  of  hand  labour  that  might  otherwise  be 
dispensed  with.  When  new  collieries  are  being  laid  out,  flat-sheets 
are  now  often  dispensed  with  altogether,  and  lines  of  rails  laid  up  to 
the  cage. 

Fig.  468  shows  a  banking  arrangement  on  this  principle,  laid  out 
for  dealing  with  a  large  daily  output. 


Travelling    Belt 


Travelling    Belt 


Travelling    Belt    tj. 


Travelling    Belt 


Fio.  468. — Banking  Arrangement. 


The  successful  working  of  such  arrangements  has  been  greatly 
assisted  by  the  introduction  of  tipplers  and  the  creeping  chain.  As 
the  lines  of  rails  from  the  cage  on  the  full  side  must  have  an  inclina- 
tion towards  the  screens,  to  allow  the  tubs  to  run  freely,  there  must 
be  a  corresponding  inclination  against  the  tubs  on  the  empty  lines  of 
rails,  which  would  involve  labour  to  bring  the  tubs  to  the  cage  if 
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done  by  hand.  To  avoid  this,  the  creeper  chain  is  used.  The 
creeper  consists  of  an  endless  chain  made  on  much  the  same  prin- 
ciple as  a  travelling  belt.  At  set  distances  apart  are  fixed  upright 
pieces  or  *  fingers '  for  catching  the  tubs  and  carrying  them  forwaid 
to  the  desired  position.  The  chain  works  round  octagonal  wheels  at 
each  end,  and  is  supported  throughout  its  length  by  rollers  fixed  in 
standards.  On  the  side  of  the  pit-head  where  the  full  tubs  are  taken 
ofi^,  the  rails,  as  already  stated,  are  laid  at  an  incline  in  favour  of  the 
tub.  The  tubs  are  first  taken  over  the  weighing-machine,  and  then 
by  their  own  weight  run  into  the  revolving  tipplers,  from  which, 
when  empty,  they  pass  to  the  creeper  and  are  hauled  up  to  the  level 
of  the  cages  again.  Instead  of  a  'creeper'  a  steam  or  hydraulic 
hoist  is  sometimes  used  to  raise  the  empty  tubs  to  the  desired  leveL 
The  disadvantage  of  such  an  apparatus  is  that  it  is  not  self-acting, 
and  is  therefore  more  costly  in  working.  The  hoists  themselves  are 
also  expensive  to  erect,  especially  if  the  height  is  great,  and  the 
raising  piston  must  of  necessity  be  long  in  proportion. 

Tipplers. — The  simplest  and  most  common  kind  of  tippler  for 
emptying  the  contents  of  the  tubs  on  to  the  screens  used  to  be  an 
arrangement  of  two  rails  bent  up  in  the  end,  and  pivoted  on  an 
axle  placed  beyond  the  centre  of  gravity  from  one  end,  so  tha^  when 
the  tub  was  run  to  it,  it  was  tipped  up  and  emptied,  and  had  then 
to  be  drawn  back  into  its  original  position.  This  tippler  is  now 
seldom  adopted,  as  the  coal  had  to  fall  too  great  a  distance  down  to 
the  screen,  and  also  necessitated  the  tubs  being  provided  with  a 
door  at  one  end  for  emptying,  which  is  a  disadvantage  for  under- 
ground work,  as  such  doors  are  apt  to  fly  open  and  allow  the  ooal 
to  fall  on  the  road. 

Rotary  Tipplers, — During  recent  years  a  large  number  of  tipplers 
have  been  designed,  chiefly  on  the  rotary  principle,  in  which  the  tub 
is  turned  through  either  a  half  or  full  circle. 

One  of  this  class  is  Wood  k  Burnett's,  which  is  shown  in  figs.  469, 
470.  It  is  driven  by  a  chain  and  sprocket  wheel  arrangement^  or 
by  toothed  gearing,  the  starting  and  stopping  gear  being  the  same 
in  either  case.^  The  tippler  consists  of  circular  cast-iron  wheels  A, 
riveted  together  by  bars  and  angles  in  the  usual  way,  and  supported 
on  four  cast-iron  rollers  B.  A  counter  shaft  C,  driven  by  the 
screen  engine,  carries  the  sprocket  wheel  D,  attached  to  a  friction 
clutch  E,  by  means  of  which  the  tippler  may  be  thrown  into  gear 
with  the  shaft  C.  The  friction  clutch  also  acts  as  a  brsJce-wheel, 
a  wrought-iron  strap  passing  roimd  it  for  that  purpose.  The  sleeve 
of  the  friction  clutch  and  the  brake-lever  are  moved  by  means  of  a 
weighted  bell-crank  F,  so  arranged  that  when  the  end  a  is  de- 
pressed the  brake  is  applied  and  the  friction  clutch  thrown  out  of  gear. 
On  releasing  it  the  weight  causes  the  brake  to  be  released,  and  the 
friction  clutch  gears  on  again.     The  tippler  is  started  by  means  of 

•  rrojM.  /.  M,  E.,  vol.  ix.  p.  282. 
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the  Kand-lever  M,  ao  that  the  wedge  L  is  withdmwn  from  the  bolt 
K ;  the  latter  is  thus  ahorteued,  allowing  the  weight  oa  the  lever  F 


FlQS.  4SS,  470.— Wood  and  BomsU'a  Sotar;  Tippler. 

to  fall,  by  which  the  brake  is  released  and  the  friction  clutch  put 
into  gear.  At  the  same  time  the  lever  0  folia  clear  of  the  atop  I, 
and  the  tippler  at  onoe  commenceB  to  rotate. 
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The  hand-lever  M  is  then  allowed  to  fall  back  and  to  push 
the  wedge  L  through  the  aperture  in  the  box,  thus  lifting  the 
end  of  the  lever  6  into  position  ready  to  engage  with  the  stop  I, 
when  the  revolution  of  the  tippler  has  been  nearly  completed. 
The  lever  G  is  pushed  down  by  the  stop  I,  and  so  applies  the 
brake  and  throws  the  friction  clutch  out  of  gear  automatically  and 
simultaneously. 

An  auxiliary  attachment^  consisting  of  a  treadle,  lever,  and  rods 
c  d  and  e,  is  applied,  so  that  the  tippler  can  be  stopped  during  anj 
portion  of  its  revolution,  if  necessary. 

Heenan  and  Froude^s  Rotary  Tippler, — This  tippler  is  also  of  the 
rotary  type,  having  the  cylindrical  frame  support^  upon  two  pairs  of 
rollers.  The  cast-iron  ends  As  (figs.  471,  472)  of  the  tippler  are 
dissimilar,  A  having  two  grooves  on  the  edge,  so  as  to  engage  the 
friction  wheel  B  when  in  motion.  This  friction  wheel  is  mounted  on 
an  arm  C,  which  is  pivoted  on  to  the  countershaft  D,  from  which  the 
motion  is  transmitted  to  the  friction  wheel  by  the  spur  wheels  £  and 
F.  The  countershaft  D  is  driven  from  the  screen  engine,  and  is  in 
constant  motion.  The  arm  C  also  carries  a  hand-lever  I^  by  which 
the  friction  wheel  is  placed  in  contact  with  the  grooved  rim  A  of  the 
tippler  frame.  An  arm  G,  with  a  counterweight  attached,  is  used  to 
throw  the  friction  wheel  B  out  of  gear,  and  to  automatically  stop  the 
tippler  at  each  end  of  the  revolution.  The  lever  H,  having  a  small 
roller  r  and  a  pawl  p  mounted  on  one  end,  is  pivoted  loose  on  the 
shaft  D,  and  its  movement  is  transmitted  by  means  of  the  adjusting 
screws  e  and  e'  to  the  arm  G,  and  thence  to  the  hand-lever  L  and 
friction  wheels.  After  placing  a  tub  on  the  tippler,  the  banksman 
pushes  over  the  lever  L,  so  that  the  roller  r  and  the  pawl  p  are  lifted 
from  the  recess  c  on  the  rim  A,  and  the  friction  wheel  B  is  put  into 
gear  at  one  movement.  On  completing  a  revolution,  the  roller  r 
drops  into  the  recess  c,  throwing  the  friction  wheel  B  out  of  contact 
with  the  rim  A,  and  the  pawl  p  brings  the  tippler  to  rest  in  the 
proper  position  for  receiving  another  tub. 

TraveUing  Belts. — After  the  coal  has  been  passed  over  the  screens 
to  get  rid  of  the  small  coal  or  dross,  it  is  received  on  a  travelling 
belt,  where  it  may  imdergo  a  final  hand-picking  before  being  loaded 
into  waggons.  The  belts  are  made  of  varying  materials,  according  to 
the  work  to  be  done.  For  coal  picking  and  conveying  they  are  usually 
of  iron  or  steel  plates,  link  or  woven  wire,  or  of  flat  hemp  or  cotton 
belting  with  a  hardened  indiarubber  face.  Where  only  two  kinds 
of  coal  have  to  be  separated  from  each  other,  such  as  a  cannel  and  a 
free  coal,  belting  made  of  canvas  faced  with  leather  can  be  used  with 
much  advantage.  The  ordinary  type  of  belt  is  made  of  steel  plates  9 
to  12  in.  broad,  |^  in.  to  ^  in.  thick,  fixed  to  iron  or  steel  link  chains 
that  fit  into  a  split  polygonal  drum  at  each  end.  The  belt  is  sup- 
ported usually  on  cast-iron  rollers  keyed  to  a  shaft,  which  runs  in 
pedestals  fixed  to  the  supporting  beams.     The  delivezy  end  is  provided 
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with  tightening  screws  and  slotted  seats  to  take  up  any  slack  on  the 
chain  (see  fig.  473). 

In  driving,  the  usual  type  of  hezagonsd  wheel  is  employed,  two 
being  placed  at  each  end  of  the  beltw  These  belts  have  usually  a  very 
slow  motion,  travelling  at  the  rate  of  40  to  80  ft.  per  minute.  The 
length  of  the  belt  may  be  anything  between  30  and  150  ft.,  but 
where  they  are  used  for  picking  the  dirt  out  of  the  coal  30  to  40  ft 


«-    ^     *  ■ 


Fio.  478.  —Tightening  Screws  for  Belt 


is  a  usual  length.  Their  width  varies  from  2  to  4^  ft.,  3  ft.  or  3|  ft 
being  a  good  width  where  the  picking  is  done  trom  one  side  only. 
These  belts  are  now  often  of  steel  wire  rods  woven  across  each  other, 
as  shown  in  fig.  474,  but  this  type  of  belt  can  only  be  used  for  lai^e 
sizes  of  coal. 

Elevators. — When  the  small  coal  or  dross  is  dropped  through  the 
screens  it  generally  falls  in  to  a  large  hopper  or  dross  pit,  and  is  thence 
raised  by  means  of  elevators 
to  be  further  treated  either 
by  dry  or  wet  cleaning. 
These  elevators  are  made  on 
the  same  principle  as  the 
travelling  belt.  Two  long 
endless  chains  with  long 
single  links  fixed  alternately 
inside  and  outside  each  other, 
having  an  iron  bucket  fixed 
to  them,  pass  round  a  hexa- 
gonal wheel  at  each  end.  The 
length  of  these  elevators  and 
their  speed  depend  greatly 
upon  the  quantity  of  coal  to 
be  handled,  and  the  height  to 
which  it  requires  to  be  raised. 
An  average  speed  is  300  to 
400  ft  per  minute. 

Arrangement  of  Cleaning  Apparatus. — We  have  described  the 
various  parts  of  a  coal-clcaning  arrangement^  either  of  which  is 
seldom  used  by  itself,  but  all  of  them  being  used  in  combination, 
whether  the  coal  is  subjected  to  a  dry  or  wet  cleaning  process  or  not. 

If  the  coal  can  be  cleaned  sufficiently  well  without  washing,  the 
ari*angements   are   greatly   simplified,  and  less  outlay  in  plant    is 
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required.  Fig.  475  illustrates  an  arrangement  of  an  ordinary 
cleaning  plant.  It  must  be  remembered,  however,  that  a  given 
arrangement  of  plant  will  hardly  ever  suit  two  different  collieries,  as 
the  screening  arrangement  will  altogether  depend  on  the  quality  of 
the  coal,  the  amount  of  dirt  in  the  coal,  and  the  kind  of  coal  in 
demand. 

Goal  Oleaning. — Under  this  heading  may  be  included  the  various 
methods  of  washing  and  sorting  the  coal  when  brought  to  the  surface. 
The  processes  employed  may  be  divided  into  two  groups : — 

Gleaning  by  mechanical  means ; 
Cleaning   by  taking  advantage  of  the  physical 
properties  of  the  mineral. 

Under  the  first  head  may  be  included  (a)  screening ;  (b)  washing 
the  mineral  to  cleanse  it  from  mud,  clay,  shale,  etc. ;  (c)  hand-picking ; 
and  (d)  sorting. 
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Fio.  475.— GleaDing  Plant. 


Screemng  the  Goal. — This  is  usually  the  first  operation  to  whick 
the  coal  is  subjected  after  it  arrives  at  the  surface.  The  screens 
employed  may  be  divided  into  classes,  viz.. 

Fixed  inclined  screens,  with  movable  bars. 
Revolving  screens. 
Jigging  or  shaking  screens. 

Fixed  Inclined  Screens  are  very  largely  used,  but  they  are  fast  being 
superseded  by  the  shaking  type  of  screen.  When  the  former  only 
are  in  use,  the  coal  is  picked  by  hand,  and,  as  a  rule,  this  is  the  only 
cleaning  it  undergoes.  Fixed  inclined  screens  are  usually  made  of 
iron  or  steel  bars  set  at  an  angle  of  about  30"  from  the  horizontal, 
so  that  the  coal  can  just  move  slowly  forward.  The  bars  may  be 
made  of  different  shapes,  but  are  very  often  rectangular  in  section, 
about  I  in.  thick,  3  to  4  in.  deep,  and  10  to  15  ft.  long,  according 
to  the  quality  of  coal  dealt  with.  A  soft  coal  generally  requires  a 
longer  screen  than  a  harder  quality,  as  there  is  more  dross  to  be  got 
rid  off.     The  openings  between  the  bai*s  vary  from  \  in.  to  1 J  in., 
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Booording  Vi  requirements,  and  sometimes  by  agreement  with  the 
landlord  of  the  coalfield,  as  difTerent  '  lordships '  or  roTalties  ara 
often  payable  on  different  qualities  or  sizes  of  coal. 

Revolving  Screens.- — These  screena  are  made  like  a  large  reTolving 
riddle  fired  on  a  central  axis.  They  are  largely  used  for  dry-cleaning 
and  sorting  the  smaller  qualities  of  coal  after  they  have  been  passed 
over  a  fixed  or  jigging  screen.  They  may  be  made  either  of  wire 
netting  or  sheet-iron  plates  with  circular  perforations  to  suit  the  size 
of  coal  required.  A  revolving  screen  is  usually  made  to  sort  or 
separate  two  or  three  different  sizes  of  coal,  different  parta  of  the 
screen  being  provHed  with  differently  siaed  apertures,  as  shown 
in  fig.  47G. 

Jigging  or  Shaking  Screens. — This  class  of  screen  is  now  almost 
exclusively  largely  traed  in  place  of  the  fixed  bar  type  for  the  screen- 
ing and  sizing  of  coal.  The  screens  are  set  at  very  slight  inclination, 
10'  to  12"  from  the    horizontal,  and  hence  the  eoal  descends  very 


Fio.  476. — BaTolTing  Screen. 


slowly,  gets  very  little  broken  during  the  process,  and  can  be  thoroughly 
picked  and  cleaned.  The  screens  usually  derive  their  motion  from 
arms  attached  to  the  sides,  and  which  work  eccentrically,  giving  the 
screens  a  rapid  to*nd-fro  motion,  the  coal  at  the  same  time  moving 
slowly  forward.  They  are  usually  suspended  to  beams  by  meaoa  of 
four  rods  fitted  with  adjustable  screws  for  altering  their  inclinaUon  if 
required.  The  eccentric  for  driving  has  a  short  stroke,  3  to  6  in,, 
and  makes  about  60  to  100  revolutiona  per  minut«.  The  screens 
may  be  constructed  of  wire  netting  fixed  in  a  frame,  or  of  sheets 
of  iron  or  steel  with  circular  o]>enings.  The  latter  are  very 
largely  employed,  and  are  preferable  to  those  oonstnicted  of  wire 
netting,  as  they  last  much  longer  and  size  the  coal  much  better. 
FigB.  477,  478  illustrate  the  construction  of  a  jigging  screen  and 
the  method  of  filing  it. 

Coal  Washing  or  wet  Cleaning. — Coal  below  a  certain  mze,  when 
mixed  with  foreign  substance,  is  difficult  to  clean  properly  without 
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washing.  Some  coals  are  so  intermixed  with  impurities  that  no  other 
method  than  wet  cleaning  would  be  of  any  use.  As  small  coal  iisuallj 
contains  the  highest  percentage  of  impurities,  it  is  usually  dealt  with 
in  this  way.  The  cleaning  of  coal  may  be  performed  in  many  ways, 
all  of  which  are,  however,  based  on  the  same  principle,  i.e,  the  dif^r- 
ences  in  density  existing  between  the  impurities  and  the  coal.  The 
different  methods  of  washing  coal  are* :  (1)  by  an  ordinary  inclined 
trough  washer  with  fixed  stops ;  (2)  by  a  fixed  trough  washer  with 
movable  scrapers,  of  which  Elliot's  patent  is  an  example ;  (3)  by  mov- 
able troughs,  such  as  the  Murton  and  the  Wood  and  Burnett  waahers  ; 
(4)  by  continuous  ascending  current  washers,  such  as  the  Robinson 
washer;  (5)  by  intermittent  ascending  current  washers,  aa  in  the 
Luhrig  and  Copp^  washers  ;  (6)  by  compressed  air,  as  in  the  Baum 
washer. 

Choice  of  Washer. — In  choosing  a  washing  plant  the  most  import- 
ant consideration  is  the  financial  one,  and  this  is  generally  where  the 
difficulty  lies,  for  a  certain  class  of  machine  may  be  expensive  in  first 
cost  and  yet  may  soon  recoup  the  outlay  by  economy  in  working  and 
in  producing  a  cleaner  and  better  quality  of  coal,  while  a  machine 
that  may  be  erected  at  half  the  cost  may  prove  much  more  expen- 
sive in  other  respects  in  the  end.  An  important  point  also  is  that  the 
coal  must  be  adapted  to  meet  the  buyers'  requirements,  whOe  dififerent 
kinds  of  impurities  require  different  methods  of  treatment.  M.  Gallon 
states  the  position  clearly  when  he  says: — "In  the  case  of  coal 
cleaning  we  are  dealing  with  enormous  qiiantities  of  a  substance 
of  comparatively  little  value,  the  profit  on  which  is  reduced  to  a 
minimum  by  competition.  We  are  consequently  forced  to  employ 
special  machines  as  simple  as  possible  in  construction,  and  capable 
of  treating  considerable  quantities.  We  must  abandon  all  idea  of 
treating  coal  by  frequent  repetitions  of  the  same  process,  or,  at  aU 
events,  do  so  sparingly,  so  as  not  to  burden  the  imdertaking  with 
heavy  costs,  and  the  operations  must  be  carried  on  with  simplicity 
and  economy." 

For  small  quantities  of  coal,  and  where  not  much  sortmg  is  required, 
the  trough  washer  is  often  found  satisfactory,  or,  if  a  more  thorough 
cleaning  is  desired,  the  ordinary  '  Bash '  washer  is  as  good  as  any  for 
economical  working. 

When  large  quantities  have  to  be  dealt  with,  and  the  coal  requires 
sorting  into  a  variety  of  sizes,  some  of  the  more  expensive  machines, 
such  as  the  Liihrig  or  Copp6e,  may  be  adopted.  Before  any  class  of 
machine  is  fixed  upon,  the  coal  and  its  accompanying  impurities 
should  be  submitted  to  a  thorough  analysis,  the  result  of  such  a 
test  often  affording  sufficient  information  for  a  decision  to  be  arrived 
at.  The  three  important  points  in  coal  cleaning  are : — To  remove 
impurities  as  far  as  possible  ;  not  to  allow  any  coal  to  pass  away 

•  The  Practical  Engineer b  Pocket  Book,  1897,  p.  828. 
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with  the  impurities;  and  to  achieve  these  objects  in  the  cheapest 
manner  with  efficiency. 

Tr<mgh  Washer. — This  is  one  of  the  earliest  and  simplest  types  of 
coal  washers.  It  consists  of  a  long,  narrow  trough  divided  into  a 
number  of  stages  by  means  of  projecting  pieces  fixed  to  the  bottom 
or  sides  of  the  trough.  The  trough  is  set  at  an  inclination  of  2  in. 
or  3  in.  per  yard,  and  a  stream  of  water  is  allowed  to  flow  continuously 
and  sufficiently  fast  to  carry  the  coal  forward  over  the  projections, 
while  the  heavier  impurities  fall  to  the  bottom  and  are  caught  in  the 
divisions  of  the  trough.  When  a  certain  quantity  of  coal  has  been 
cleaned  the  flow  of  water  is  stopped  and  the  refuse  cleaned  out, 
ready  for  another  operation. 

An  improvement  on  this  form  of  trough,  with  stationary  dams,  is  a 
travelling  scraper  on  the  endless-chain  principle,  which  by  moving 
along  the  bottom  of  the  trough  against  the  stream  of  water  and  coal, 
delivers  the  impurities  automatically  at  the  upper  end  of  the  trough. 
The  dimensions  of  these  troughs  are  from  50  to  80  ft.  long,  2  to 
3  ft.  wide,  and  10  to  12  in.  deep.  The  trough  washer  is  best  suited 
for  small  quantities  of  coal ;  it  requires  a  large  flow  of  water  and 
entails  extra  labour,  but  it  has  the  recommendation  of  being  simple 
in  construction  and  cheap  at  first  cost.  A  trough  washer  60  ft.  long 
and  2  ft.  broad,  with  revolving  riddle  and  connections,  can  be  erected 
for  about  £180. 

Elliot  Trough  Washer, — This  is  an  improvement  on  the  old  trough 
washer.  It  consists  of  a  wrought-iron  or  steel  trough,  about  18  in. 
wide  at  the  bottom  and  30  in.  wide  at  the  top,  and  having  sloping 
sides.  At  each  end  a  sprocket  wheel  is  fixed,  round  which  an  endless 
chain  passes,  and  attached  to  the  chain  at  intervals  of  6  ft.  are  fixed 
scrapers  to  fit  the  inside  of  the  trough.  The  scrapers  form  stops  or 
dams,  which  are  slowly  moved  by  the  chain  along  the  trough  in  the 
opposite  direction  to  the  flow  of  the  water.  The  trough  is  set  at  an 
inclination  of  about  1  in  12,  and  the  coal  is  admitted  at  the  centre 
of  its  length  and  the  water  at  its  upper  end.  As  the  water  runs 
down  it  carries  with  it  the  coal,  which  is  lighter  than  the  dirt,  while 
the  latter  settles  in  the  scrapers  and  is  carried  against  the  stream  of 
water  and  delivered  at  the  opposite  end. 

Murton  Coal  Washer, — This  machine,  like  the  Elliot  washer,  is  an  im- 
proved trough  washer.  It  consists  (fig.  479)  of  an  endless  articulated 
steel  trough  belt,  which  is  watertight.  This  trough  revolves  slowly 
round  suitable  drums  at  each  end,  the  action  being  continuous  and 
automatic.  The  clean-washed  coal  falls  into  a  hopper  at  the  lower 
end,  the  dirt  or  refuse  is  delivered  into  a  dirt  hopper  at  the  upper 
end.  The  trough  is  constructed  of  steel,  60  ft.  long,  3  ft  wide,  8 
in.  deep,  and  fixed  at  an  inclination  of  1  in  18.  The  supporting 
drums  and  rollers  are  mounted  on  a  suitable  frame.  Inside  the 
trough,  at  intervals  of  3  ft.,  are  dams  or  stops  about  2  in.  high. 

Method  of  Working. — The  trough  is  set  in  motion  and  travels  up 
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the  incline,  and  towards  the  coal  and  water  supply,  at  a  speed  of 
from  8  to  10  ft.  per  minute.  The  coal  from  the  hopper  H  (fig.  479) 
and  water  from  the  nozzle  E  are  turned  on  in  suitable  proportions. 
The  latter,  carrying  the  coal  with  it,  flows  in  a  direction  contrary  to 
that  of  the  trough  to  the  coal  delivery  end  D,  where  it  is  delivered 
free  from  impurities.  The  dirt  falls  to  the  bottom  of  the  trough, 
and  is  arrested  by  the  stops  c  c,  and  carried  forward  by  the  motion 
of  the  trough  beyond  the  point  E,  after  passing  which  it  is  agitated 
in  such  a  manner  that  any  coal  mixed  with  it  is  liberated,  and  carried 
back  by  a  strong  current  of  water  from  the  supply  pipe  J  to  F, 
where  it  joins  the  regular  coal  feed,  and  is  carried  along  with  the 
rest  of  the  clean  coal  forward  to  D.  The  refuse  continues  to  be 
carried  upwards  to  the  end  of  the  trough  M,  and  as  the  belt  moves 
over  the  drum  A  it  falls  ofif  into  the  hopper.  The  trough  is 
washed  clean  by  the  water  spray  «,  and  passes  to  the  drum  A'  at 
the  lower  end  D.  The  coal,  when  delivered  at  the  lower  end,  falls 
into  a  spout,  with  a  draining  plate  (with  125  perforations  ^  in. 
diameter  per  sq.  in.),  and  the  water  is  quickly  drained  away.  About 
4  50  gallons  of  water  per  minute  are  required  when  washing  400  tons 
of  coal  per  day,  but  the  same  water  can  be  used  over  and  over  again. 

Robinson  WasTier, — This  machine,  which  is  shown  in  Hg.  480,  con- 
siiits  of  a  truncated  inverted  cone,  made  of  steel  plates  about  8  ft. 
diameter  at  top  and  2  ft.  diameter  at  bottom  and  6^  ft.  deep.  A 
strong  shaft  is  fixed  vertically,  to  run  in  the  centre  of  the  cone ;  on 
this  shaft  is  a  strong  cast-iron  cross-head,  to  which  are  bolted  foiir 
cross  arms.  To  each  of  these  cross  arms  are  bolted  three  heavy 
wrought-iron  bars,  but  outwards  at  the  bottom,  and  projecting  down 
so  as  almost  to  touch  the  sides  of  the  cone  or  washer,  and  on  the 
bottom  of  the  driving  shaft,  are  also  bolted  four  shorter  arms,  as 
shown  in  illustration.  In  practice  the  coal  passes  into  the  washer 
from  the  spout  A  into  the  centre  ring  B,  while  the  water  supply 
is  forced  in  at  the  bottom  at  E  and  through  the  perforations  G. 

The  coal  is  kept  in  a  continual  state  of  agitation,  and  as  it  sinks 
into  the  washer  it  is  met  by  the  upward  current  of  the  water ;  and, 
being  lighter  in  weight  than  the  impurities  with  which  it  is  associated, 
is  floated  upwards,  as  indicated  by  the  arrows,  and  overflows  at  D. 
T\\G  impurities  sink  downwards  and  are  collected  in  the  chamber  J. 
When  this  chamber  is  filled,  the  upper  valve  H  is  closed,  and  the 
lower  valve  H'  opened;  this  allows  the  accumulated  refuse  to  be 
discharged,  after  which  the  lower  valve  is  closed  and  the  operation 
repeated.  The  shaft,  with  cross-head  and  depending  arms,  revolves 
at  the  rate  of  14  or  15  revolutions  per  minute. 

In  fig.  481  is  shown  a  general  arrangement  of  a  Robinson  washing 
plant. 

The  clean  coal  passes  from  the  washer  on  to  inclined  perforated 
screens  or  shoots,  and  is  here  freed  from  the  water,  after  which  it  is 
citlier  carried  by  means  of  conveying  machinery  to  storage  bins,  or 


454  PRACTICAL  COAL-Hnmra 

r&llfi  direct  into  the  waggona.  The  water  from  the  overflow  is 
collected  io  Bettliog  ponda,  and  bj  means  of  a  pulsometer  pump  is 
again  forced  into  the  waaher  f.ir  further  use. 

The  Robinson  washer  is  obeap  to  construct  and  maintatit,  and 
requires  little  water,  but  it  lai^ely  depends  for  its  efficiency  on  the 
attention  and  skill  of  the  man  in  charge,  who  may  often  bo  tempted 
to  pass  more  coal  through  it  than  it  can  efTeotuftlly  deal  with.     Thew 
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maohinee  can  be  made  to  wash  from  20  to  40  tons  per  hour.  The 
cost  of  a  Robinson  washing  plant  to  treat  20  tons  per  hour  is  from 
£250  to  £360. 

Lobrig  and  Coppte  Hachines.— A  paper  read  before  the  South 
Walee  Institute  of  Mining  Engineers*  gives  an  elaborate  descriptioa 
of  the  construction  and  working  of  these  machines.  The  following 
abridgment  t  will,  however,  suffice  to  explain  their  action.  The 
machines  are  made  in  two  sises,  the  Ui^r  dealing  witli  coaJ  from  5 
in.  to  I  in.  in  tliickness,  and  the  smaller  taking  fine  cool  and  powder, 

•  S.  ffale*  liaL  Min.  E., 
t  Hughf'*  Coat  Mining,  f 


SURFACE  ARBANGBMBNTS,  GOAL  CLEANING,   ETC. 


455 


"The  larger,  or  nuts  machine  (figs.  482,  483),  is  of  the  ordinary  con- 
tinuous jig  type,  and  consists  of  two  compartments  A  and  B^  in  one  of 
which  the  piston  works,  while  the  other  is  provided  with  a  perforated 
strainer,  slightly  inclined  from  front  to  back.  The  piston  P  ridceives 
an  up-and-down  motion  by  being  connected  to  cranks  on  a  horizontal 
shaft,  and  the  amount  of  this  throw  can  be  varied  from  If  to  4  in. 
An  opening  W  runs  along  the  front  of  the  washing  compartment^  and 
through  this  clean  coal  continuously  passes  away.  The  shale  is  dis- 
charged through  a  small  cylindrical  compartment  D,  connected  to  the 


Fig.  481. — General  airaDgeiueut  of  a  BobiiiBoii  Wasbing  Plant. 

side  of  the  casing,  but  which  starts  above  the  level  of  the  strainer, 
leaving  a  free  space  between  the  strainer  and  the  lowest  end  of  the 
compartment  of  about  3  in.  It  is  open  at  both  ends,  and  communicates 
with  the  outside  of  the  machine  through  the  opening  R.  It  is  pro- 
vided with  a  sliding  door  which  regulates  the  discharge  of  the  shale. 

"  When  the  unwashed  coal  is  introduced  into  the  machine,  and  the 
piston  descends,  it  drives  water  into  the  compartment  B,  and  lifts 
the  bed  of  the  material  resting  on  the  strainer.  On  the  return  stroke, 
the  heavier  dirt  falls  faster  than  the  lighter  coal,  while  in  the  upstroke 
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tbe  lighter  ooal  tB  lifted  farther  than  the  heavier  dirt ;  the  result  u, 
that  the  two  substances  separate  into  layers,  the  coal  being,  of  course, 
the  higher. 


F:aB.  482,  463.— L<lhrig  and  Ooppje  Miieliln«s. 

"The  Fehpar  Waglier  is  of  similar  construction,  but  diSers  materi- 
ally in  its  method  of  working.  It  consists  of  a  boi,  divided  into  tvo 
OomportmentB  by  a  longitudinal  partition,  in  one  of  wbioh  the  pistoa 
works  as  before  (figs.  484,  485).     It  is  also  generally  divided  into 


SUBFACB  ARRANGEMKNTP,  COAL  CLEANING.  ETC. 


457 


two  or  Bometiinee  three  compartmeuts  in  the  direction  of  its  length, 
each  communicatiug  with  the  other  by  openings  o  along  the  side,  and 
through  these  the  washed  coal  passes  away.  In  the  nuts  washer  the 
holes  through  the  sieve  are  smaller  than  the  size  of  the  material 
being  treated,  and  consequently  no  dischai^e  takes  place  through 
them.  In  the  felspar  machine  they  are  larger  than  the  material,  and 
the  dirt  passes  through  the  sieve  into  the  lower  part  of  the  apparatus 
Three  sieves  are  generally  employed.  The  dirty  coal  is  introduced  at 
one  end  and  gradually  passes  down  over  the  remaining  gratings,  the 
clean  material  being  finally  discharged  at  the  opposite  end. 

''The  chief  peculiarity  is  the  introduction  of  a  layer  of  felspar, 
from  2  or  3  in.  thick,  on  each  sieve,  whose  specific  gravity  is 
greater  than  that  of  the  material  to  be  concentrated,  and  yet  less  than 
that  of  the  gangue.  The  sizes  of  the  particles  of  this  bed  are  larger 
than  the  holes  in  the  sieve.     The  whole  framework  of  the  machine  is 


Figs.  484,  485. — Felspar  Machines. 

filled  with  water  up  to  the  level  of  each  sieve,  and  as  the  pistons  work 
up  and  down,  a  volume  of  water  is  forced  through  the  holes  in  the 
bottom  of  each  sieve,  lifting  the  bed  and  the  layer  of  material  on  it, 
and  then  allowing  the  whole  to  fall  again  on  the  return  stroke.  The 
lighter  coal  rises  to  the  surface,  and  the  heavier  dirt  gradually  finds 
its  way  through  the  bed  of  felspar,  when  it  falls  into  the  bottom  of  the 
compartment  to  be  removed  from  time  to  time.  It  is  essential  for 
thorough  cleaning  that  the  size  of  the  felspar  should  be  as  small  as 
allowable,  and  that  the  particles  of  mineral  forming  the  bed  should 
be  of  convenient  density,  have  well-defined  rectilinear  angles,  and 
be  of  great  durability  to  resist  wear  and  tear.  A  point  of  con- 
siderable importance  is  the  proper  regulation  of  the  delivery  of  water, 
which  is  controlled  by  a  tap ;  upon  this  depends  the  progress  of  the 
material  and  the  time  it  is  operated  upon. 

"  For  very  dirty  coal,  perhaps  no  machine  does  its  work  so  efficiently 
as  this ;  indeed,  everyone  gives  it  the  character  of  removing  dirt.  It 
is,  however,  expensive  in  the  first  cost,  but  requires  little  attention. 
Much  depends  upon  the  percentage  of  dirt  originally  present  in  the 
coaL     Tf  it  is  small,  and,  say,  one-half  of  it  is  removed,  the  ooke  from 
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the  resulting  product  is  a  fair  one ;  on  the  other  hand,  where  the 
dirt  amounts  to  from  15  to  30  per  cent,  and  only  3  to  10  per  cent,  is 
taken  away,  the  coke  is  very  bad.  With  a  dirty  coal,  probably  it  is 
best  to  use  machines  of  this  type/' 

Bourn    Washer. — ^This  machine  applies  a  new  principle  to  ooal 


Fio.  486.— Bauui  Waslier. 


washing,  inasmuch  as  compressed  air  is  used,  instead  of  a  vertically 
reciprocating  piston,  for  producing  the  oscillations  of  the  water 
through  the  bed  of  the  jigger.  By  this  method  it  is  claimed  that  all 
noise,  vibration,  and  shock  are  done  away  with,  and  that  less  power 
is  required  than  in  an  ordinary  piston  machine.     Fig.  486  shows  a 
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cross  section  of  one  of  the  jigging  machines.*  The  jiggers  are  con- 
structed of  steel  or  wrought-iron  plates  connected  by  angle  irons. 
The  water-box  m  is  closed  at  the  top  by  a  horizontal  plate,  to  which 
is  fitted  a  piston  valve  casing  g,  in  which  works  a  piston  or  cylindrical 
valve  h,  actuated  by  the  eccentric  n,  and  having  ports  or  openings  in 
the  sides  to  control  the  admission  and  exhaustion  of  compressed  air 
to  and  from  the  upper  closed-in  part  of  the  water-box  m.  Openings 
j  are  provided  in  the  sides  of  the  casing  g  for  the  escape  of  the  com- 
pressed air  from  the  water-box ;  and  o  is  a  stop  valve  for  admitting 
or  shutting  off  the  compressed  air.  The  latter,  at  a  pressure  of  1 1  to 
2  lbs.  per  sq.  in.,  is  drawn  from  the  receiver,  to  which  it  is  supplied 
by  the  air  compressor. 

In  the  coarse  jigging  machines  the  valve  h  makes  from  50  to 
70  strokes  per  minute,  and  in  the  fine  jiggers  from  75  to  110 
strokes  per  minute,  the  alteration  in  speed  being  effected  by  means 
of  coned  pulleys  on  the  driving  and  countershafts.  The  jigger  sieve 
«  is  of  f  in.  mesh  for  the  coarse  and  \  in.  mesh  for  the  fine  jiggers. 
At  the  top  of  the  machine  there  is  an  overflow  bar  d,  over  which  the 
coal  from  the  coarse  jiggers  is  carried  along  channels  to  special  nut 
pockets ;  ff  are  two  slides,  adjustable  by  means  of  the  levers  1 1\ 
for  regulating  the  outflow  of  the  dirt^  which  falls  to  the  bottom  of 
the  jigging-box,  and  is  conveyed  away  by  means  of  a  spii-al  conveyer 
u  extending  the  whole  length  of  the  jig  battery. 

It  will  be  noticed  that  the  mesh  used  in  the  fine  jigging  machines 
is  larger  than  much  of  the  material  treated,  and  it  might  be  supposed 
that  some  of  the  latter,  including  the  coal,  would  fall  through  the 
sieve.  The  machines,  however,  can  be  so  regulated  that  the  larger 
pieces  of  stone  or  shale  are  retained  a  considerable  time  on  the  sieve, 
and  owing  to  the  weight  of  material  above  them  they  set  themselves 
parallel  to  the  sieve  and  form  a  bed  similar  to  the  felspar  bed  em- 
ployed in  the  Copp^e  fine  jigging  machines. 

Cost  of  Coal  Washing. — This  will  vary  very  much  with  tlie  class  of 
machine  used,  the  quality  of  the  coal,  and  the  percentage  of  dirt 
accompanying  it ;  and  also  on  the  amount  of  dressing  or  preparation 
the  coal  requires  for  the  market. 

The  following  table  f  shows  the  cost  per  ton  of  washing  by  various 
machines  in  the  year  1 886  : — 


Name  of  Colliery. 

Dry  Cleaning. 

Wet  Cleaning. 

Tvpoof 
Washer. 

previous 
to  Washing. 

Barrow, 

lid. 

2id. 

Robinson. 

Crushed. 

Aldwaric  Main, 

1           ••• 

2{d. 

Trough. 

It 

Nunnery, 

8d. 

l-40d. 

>i 

Not  crushed. 

Annesly, 

2i<J.  to  8d. 

•  •  • 

... 

•  •  • 

Clifton,  . 

8d.  to  4d. 

6il.  to  7d. 

Copp^ 
Ltthrig. 

Not  crushed. 

North  Motherwell, . 

... 

O-M. 

»» 

♦  Trana,  I.M.E.,  vol.  vii.  p.  158. 

t  Tram.  M.  L  Seot.^  Coal  Cleaning  Committee's  Beport,  p.  179. 


CHAPTER  XVI. 

SURVEYING,  LEVELLING,  AND  PLANS. 

**Suuv£YiNG  is  the  urt  of  ascertaiuing  by  measurement  the  shape 
aud  size  of  any  portion  of  the  earth's  surface,  and  representing  the 
same  on  a  reduced  scale,  in  a  conventional  manner,  so  as  to  bring  the 
whole  under  the  eye  at  once."  ^Surveying  has  also  been  defined  by 
Mr  Bennett  H.  Brough  as  "  the  art  of  making  such  measurements  as 
are  necessary  to  determine  the  relative  positions  of  any  points  on  the 
earth's  surface.  From  such  measurements  a  plan  of  any  portion  of 
the  earth's  surface  may  be  drawn,  and  its  area  calculated." 

In  ordinai'y  mine  surveying  three  objects  are  in  view,  viz.,  to 
obtain  a  correct  plan  and  section  of  the  underground  workings ;  to 
ascertain  the  correct  position  of  all  surface  buildings,  shafts,  aud 
other  features,  and  the  correct  boundary  line  of  the  field  or  royalty 
to  be  worked,  and  to  connect  as  accurately  as  possible  the  workings 
on  the  imderground  plan  with  the  surface  survey. 

t  "  All  surveys  are  conducted  on  nearly  the  same  principles,  the 
difference  consisting  in  the  style  of  the  instruments  used  in  the  work, 
aud  the  different  methods  of  calculating  the  various  data  connected 
with  the  survey." 

The  instrument  which  is  in  most  common  use  for  ordinary  under- 
ground surveys  of  mines  is  the  miner's  compass  or  dial,  sometimes 
called  the  circumferentor.  lliis  is  an  instrument  the  chief  use  of 
which  is  to  measure  horizontal  angles.  As  used  with  the  loose  needle 
the  angles  are  measured  in  relation  to  the  magnetic  meridian,  and  as 
used  with  the  vernier  or  fast  needle  the  angles  are  measured  either 
in  relation  to  the  magnetic  meridian  or  in  relation  to  any  given  base 
line.  The  instrument  consists  essentially  of  two  parts,  a  needle 
swinging  freely  on  a  pivot,  and  the  dial  on  which  the  angles  are  read. 
When  surveying  with  the  magnetic  compass  it  is  most  important  to 
remember  that  the  needle  does  not  point  to  the  true  north,  and  that 
the  direction  in  which  it  points  is  subject  to  several  variations  from 

*  A   Treatise  on  Aline  Surveinng,  by  Bennett  H.  Brough,  p.  1. 
t  Ibid. 
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time  to  time.  It  is  more  than  300  years  ago  since  observations  were 
first  made  on  the  variations  of  the  needle,  and  we  are  therefore  not 
without  some  data  to  guide  us.  In  Queen  Elizabeth's  time,  i.e. 
about  1580,  the  variation  was  about  IT  IT  east;  in  Charles  II.'s 
time,  1657,  this  variation  had  disappeared  altogether  and  the  needle 
coincided  with  true  north.  The  needle  swings  backwards  and 
forwards  on  each  side  of  the  true  north  like  the  pendulum  of  a  clock, 
but  with  this  difference,  that  it  swings  in  centuries  and  not  in 
seconds.  Its  maximum  variation  is  24"  48'  on  either  side,  and  this  is 
termed  the  sectdar  variation.  Taking  the  average  between  1580  and 
1880,  the  variation  was  8^  minutes  per  year,  and  for  the  ten  years 
between  1877  and  1887  the  total  variation  was  1"  12',  giving  an 
average  of  7*2'  per  year.  Since  1660,  in  which  year  there  was  no 
variation,  the  declination  has  been  towards  the  west, 
attaining  its  maximum  in  1820,  and  then  gradually 
decreasing,  so  that  at  the  present  time  the  magnetic 
meridian  is  again  approaching  the  true  meridian.  The 
average  annual  variation  of  the  needle  may  be  taken  at 
8  minutes. 

The  magnetic  needle  at  Greenwich  at  this  date  (1899) 
points  about  16''  30'  to  the  west,  as  shown  in  fig.  487. 
At  Edinburgh  the  magnetio  declination  is  3^  greater 
than  at  Greenwich,  while  in  Glasgow  and  Dublin  it  is 
3"*  50'  greater.  In  the  North  of  England  the  variation 
is  about  If  degrees  greater  than  at  Greenwich. 

A  very  elaborate  magnetio  survey  was  carried  out 
between  the  years  1884  and  1891,  by  Professors  Riicker 
and  Thorpe,  to  determine  the  amount  of  variation  and 
the  lines  of  attraction  in  the  United  Kingdom.     Obser-    Fio.  487. 
vations  were  made  at  882  different  places,  and  from  their 
calculations  and  a  map  it  will  be  possible  to  gain  some  idea  how 
far  local  disturbances  are  likely  to  affect  the  needle  at  any  given 
place. 

As  regards  such  disturbances  it  is  found  that  the  north-seeking 
pole  of  the  compass  is  attracted  to  certain  regions  and  to  lines  which 
can  be  traced  for  scores  or  even  himdreds  of  miles.  These  lines  they 
(Riicker  and  Thorpe)  call  magnetic  ridge  lines* 

The  principal  ridge  lines  determined  were  as  follows : 

(1)  In  the  Scotch  coalfield  a  ridge  line  runs  from  the  neighbour- 

hood of  North  Berwick  to  the  Clyde  between  Glasgow  and 
Hamilton,  turns  south  to  Newmilns  in  Ayrshire,  and  finally 
nms  in  a  northerly  direction  towards  Ardrossan  and  Arran. 

(2)  The  Yorkshire  coalfield  is  dominated  by  a  ridge  line  which  runs 

south-west  from  Harrogate  towards  Keighley,  and  follows 
the  outcrop  of  the  Millstone  Grit  to  Matlock. 

*  Trans,  Inst.  Min.  Engs.,  vol.  iz.  pp.  418-419. 
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(3)  lu  the  Bouthem  piirt  of  the  Derbyshire  coalfield   the  north- 

seeking  pole  of  the  magnet  is  attmoted  from  all  sides  to  a 
centre  which  is  a  little  to  the  north-east  of  Nottingham. 

(4)  In  the  Lancashire  coalfield  a  ridge  line  runs  from  Kochdale  to 

Wigan  and  Southport. 

(5)  In  the  South  Wales  coalfield  a  ridge  line  runs  from  Risca  to 

the  south  end  of  Ebbw  Yale,  and  another  passes  from 
Brecon  to  Neath,  and  thence  nearly  due  west  through  the 
centre  of  the  coal  measures. 

If  these  ridge  lines  are  therefore  drawn  upon  a  map,  and  the  varia- 
tion determined  for  places  in  their  vicinity,  the  magnetic  variation 
for  any  given  locality  may  be  pretty  accurately  ascertained. 

The  amount  of  variation  may  also  be  approximately  determined 
for  any  locality  in  Great  Britain  by  drawing  lines  on  a  map  in  the 
following  directions :  * 

(a)  From  Winchelsea  (Sussex)  by  point  of  Sheppey  Island  and 
Ipswich,  the  magnetic  declination  is  30  minutes  less  than 
at  Greenwich. 

(h)  From  Gowes  (Isle  of  Wight)  by  Basingstoke  and  Great 
Grimsby  30  minutes  more  than  at  Greenwich. 

(c)  From  Start  Point  by  Teignmouth,  Newport  (Mon.),  the  Peak 
to  Seaham  V'30'  more. 

((/)  From  the  Land's  End  by  Great  Ormes  Head,  Skiddaw,  etc, 
2*  30'  more. 

(e)  From  Peel  (Isle  of  Man)  by  Wigton  to  Falkirk,  3'-20'  more.  If 
these  difierences  are  applied  to  the  declination  at  Greenwich, 
the  amount  of  declination  or  variation  on  each  line  may  be 
obtained.  For  any  place  situated  on  one  of  these  lines  the 
value  of  the  variation  will  thus  be  at  once  ascertained,  aiid 
for  a  place  situated  between  any  two  lines  a  proportional 
variation  may  be  made  from  tiie  values  found  for  the 
adjacent  lines. 

The  variation  of  the  magnetic  meridian  shows  the  necessity  of 
recording  on  all  colliery  plans  the  date  and  amount  of  declination 
for  the  guidance  of  future  working.  Many  accidents  can  be  traced 
to  the  neglect  of  doing  this  at  the  time  of  drawing  up  the  plan. 
The  date  of  an  old  plan  may  be  approximately  ascertained  by  look> 
ing  at  the  meridian  line  on  it;  thus,  if  a  plan  is  found  having  a 
meridian  with  a  declination  of  2 TOO'  west  of  the  true  north,  we 
would  say  that  it  was  probably  made  about  the  year  1864,  the 
variation  for  that  year  having  been  21*"  03'  at  Greenwich.  The 
needle  is  also  subject  to  diurnal  fluctuations. 

DiumcU  Variation. — In  the  afternoon  the  needle  is  drawn  a  few 
minutes  to  the  west  and  in  the  early  morning  a  few  minutes  to  the 

♦  CoUiery  Manager's  Pocket  Book,  1898,  p.  161. 
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east.  The  needle  stands  at  its  mean  position  a  little  after  10  a.m. 
and  a  little  before  7  p.m.  The  variation  is  greater  in  summer-time 
than  in  winter,  but  seldom  exceeds  about  10  minutes.  This  varia- 
tion must  be  taken  into  account  when  making  surveys  in  which 
accuracy  is  required,  but  under  ordinary  circumstances,  such  as  the 
quarterly  extension  of  colliery  plans,  the  variation  is  too  small  to 
cause  any  appreciable  error. 

The  declination  of  the  needle  may  be  due  to  various  causes,  such 
as : — 

(1)  The  presence  of  masses  of  magnetic  rock. 

(2)  Induction  currents. 

(3)  Magnetic  storms. 

The  chief  mineral  that  attracts  the  needle  is  magnetite,  which  is 
found  in  masses,  veins,  and  sands.  Tops  of  mountains  in  the 
Northern  Hemisphere  attract  the  north-seeking  end  of  the  needle. 
Beaches  are  often  covered  with  magnetic  sand;  for  instance,  in 
Rothesay  Bay  there  is  a  large  bed  of  this  description.  Other 
minerals  that  attract  the  needle  are  magnetic  pyrites  and  native 
iron.  All  crystalline  rocks  contain  minerals  which  deflect  the  magnet 
more  or  less,  and  rocks  which  are  dark-coloured  do  so  more  than 
others,  as  such  rocks  usually  contain  a  fair  proportion  of  iron  com- 
pounds. Sometimes  the  needle  is  aflected  in  positions  where  no  such 
rocks  are  visible,  a  notable  instance  of  this  being  at  Melton-Mowbray, 
where  there  are  no  igneous  rocks  in  the  immolate  neighbourhood, 
although  the  needle  is  deflected  through  as  much  as  67*,  which  may 
be  due  to  the  presence  of  large  masses  of  basaltic  rock  lying  beneath 
the  surface. 

Prof.  A.  W,  Rticker,*  speaking  of  this  source  of  attraction, 
says: — "Magnetic  rocks  are  often  permanently  magnetized,  and 
may  deflect  a  compass  held  close  to  them  through  40*  or  50*.  The 
permanent  magnetization  is,  however,  irregular,  and  at  a  compara- 
tively short  distance  the  disturbing  effect  appears  to  be  due  almost 
exclusively  to  the  uniform  magnetization  produced  by  the  earth's 
magnetic  field." 

The  general  conclusions  which  he  comes  to,  both  as  regards  theory 
and  experiment,  are: — (a)  "That  dykes  and  thin  uniform  basaltic 
sheets  produce  no  measurable  effects  except  at  distances  from  their 
edges,  which  aro small  multiples  of  their  thickness;  (6)  That  isolated 
masses  of  trap-rock,  a  few  square  miles  in  area,  produce  no  important 
magnetic  effects  at  distances  comparable  with  their  linear  dimen- 
sions." 

Induction  Currents. — Induction  currents  may  be  produced  by  the 
neighbourhood  of  currents  or  of  magnetic  bodies  inducing  them,  i,e, 
rocks  containing  iron  or  its  compounds. 

*  Trans.  Inst,  Min,  Eng.,  vol.  iz.  p.  420. 
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Magnetic  Storms, — The  irregular  fluctuations  of  the  needle  which 
occur  from  time  to  time  proceed  from  magnetic  storms.  The  word 
storm  in  this  connection  does  not  necessarily  imply  Violent  action, 
although  occasionally  the  needle  oscillates  bsLckwards  and  forwards. 
As  a  general  rule,  however,  the  needle  becomes  temporarily  deflected 
some  degrees  beyond  the  normal  variation  over  a  large  area,  some- 
times for  24  or  48  hours.  Magnetic  storms  are  invariably  connected 
with  displays  of  aurora,  and,  in  some  unexplained  manner,  with  the 
occurrence  of  spots  on  the  sun,  and,  as  shown  by  Pro!  Balfour 
Stewart,  they  commonly  occur  at  intervals  of  ten  or  eleven  years, 
when  the  sun  spots  are  at  their  maxima.  If  the  compass  is  used 
during  one  of  these  storms  the  needle  sometimes  becomes  practically 
worthless  for  the  time  being. 

Ivfluence  of  Bails  on  the  Needle. — The  presence  of  iron  or  steel 
may  cause  the  needle  to  deflect.  Cast-iron  in  small  quantities  does 
not  seem  to  have  much  influence,  and  those  used  underground  at 
many  Scotch  collieries  (weighing  28  lbs.  per  yd.)  have  so  little  efl^ect 
that  the  surveys  of  those  mines  are  almost  invariably  made  with  a 
free  needle.  Malleable  iron  rails  have  a  more  appreciable  effect 
Witli  rails  weighing  12  to  15  lbs.  per  yd.,  the  deflection  is  seldom 
greater  than  2**  when  the  compass  is  placed  in  the  centre  of  the  two 
rails,  and  about  3  ft.  above  the  ground. 

Steel  rails  of  the  same  weight  exert  more  influence,  and  the  needle 
is  often  deflected  over  as  much  as  10*"  to  15**  in  the  presence  of  such 
rails,  so  that  special  precautions  become  necessary  in  making  obser- 
vations. Steel  ropes  and  tools  will  also  affect  the  needle,  and  in 
order  to  get  a  true  reading  the  compass  should  be  planted  at  least 
15  ft.  from  any  metal,  while  the  presence  of  a  large  mass  of  metal 
necessitates  its  being  placed  still  further  away.  In  highly  inclined 
workings,  with  the  dip  towards  the  north,  it  frequently  happens  that 
if  a  road  is  driven  in  the  direction  of  the  magnetic  meridian,  the  rails 
become  strongly  magnetized  on  accoimt  of  the  earth  currents  passing 
longitudinally  through  them.  Rails  in  such  a  position  influence  the 
needle  to  a  much  greater  extent  than  would  otherwise  be  the  case. 

Surveying  in  the  presence  of  iron  may  be  carried  out  with  ap- 
proximate accuracy  if  readings  are  taken  at  every  station  instead  of 
at  evciy  second  station,  and  by  taking  back  and  foresights.  In 
these  circumstances,  both  back  and  foresight  readings  will  be  subject 
to  the  same  degree  of  error,  and,  consequently,  if  a  correct  bearing 
of  any  particular  line  can  be  obtained,  a  fairly  accurate  survey  can 
be  made. 

Dip  of  the  Needle. — ^A  magnetic  needle  does  not^  in  our  latitudes, 
assume  a  perfectly  horizontal  position.  The  inclination  of  a  freely 
suspended  needle  is  about  67"  at  Glasgow  towards  the  north.  The 
dip  varies  in  the  same  way  as  the  declination,  and  ranges  from  75*,  the 
maximum,  to  66*,  the  recorded  minimum  at  Greenwich.  In  mining 
dials  this  tendency  is  coimterbalanced,  so  that  the  needle  moves  only 
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in  a  horiasontal  plane.  All  needles  have  not  exactly  the  same  varia- 
tion, and  for  this  reason  it  is  very  important  that  magnetic  bearings 
made  at  the  surface  should  be  taken  with  the  same  compass  that  has 
been  used  for  the  underground  siiryejs. 

The  length  of  needle  in  common  use  for  underground  work  is  5| 
in.  It  consists  of  a  strip  of  steel  with  an  agate  or  ruby  centre,  and  a 
cross-cut  line  marking  the  north-seeking  end.  In  some  cases  a  small 
vernier  is  fixed  to  one  end,  so  that  the  bearing  may  be  read  to  the 
nearest  minute. 

The  dial  plate  is  usually  constructed  of  brass,  although  in  some 
instances  aluminium  has  been  used  with  success.  The  figures  may 
be  marked  on  this  plate  in  various  ways,  according  to  the  practice 
of  different  makers.  The  method  of  reading  will  be  explained 
later. 

Determination  of  True  Meridian, — To  determine  the  true  meridian, 
and  from  this  the  exact  amount  of  magnetic  declination,  various 
methods  may  be  employed,  the  best  two  being  to  make  observations 
of  the  Pole  star  or  of  the  sun. 

OhBervationa  of  Pole  Star  and  Sun. — ^This  method  is  accomplished 
by  using  a  theodolite  and  bringing  the  telescope  of  the  instrument 
to  bear  upon  the  Pole  star  at  stated  intervals  before  and  after  its 
culmination.  A  reading  is  taken  several  houra  before  its  culmina- 
tion, both  on  the  horizontal  and  vertical  circles  of  the  theodolite. 
After  a  lapse  of  the  same  period  subsequent  to  its  culmination  the 
star  is  sighted  a  second  time,  and  a  reading  taken  as  before.  The 
line  bisecting  the  angle  obtained  by  the  two  readings  will  indicate 
the  true  meridian.  If  the  observations  are  taken  during  winter, 
which  is  the  best  time,  the  readings  are  taken  at  an  interval  of 
11  hours  58  minutes  for  the  Pole  star.  Similar  methods  are 
resorted  to  of  finding  the  meridian  by  means  of  observations  of 
the  sun. 

Setting  out  the  Meridian  Line. — In  every  mining  district  a  per- 
manent meridian  line  should  be  set  out^  so  as  to  enable  surveyors  to 
determine  the  true  meridian  at  any  time. 

The  best  method  of  permanently  marking  out  the  meridian  line 
is  to  insert  in  the  ground,  4  or  5  ft.  deep,  a  large  hard  stone,  granite 
if  possible,  6  or  8  ft.  long  x  2  ft.  broad.  The  stone  should  be  well 
faced  and  firmly  set  in  cement  to  keep  it  from  shifting.  In  the 
upper  surface  of  the  stone  is  fastened  a  brass  plate,  a  foot  square,  let 
in  so  as  to  be  perfectly  horizontal,  and  on  this  the  meridian  line  is 
shown  by  a  fine  engraved  line.  For  practical  purposes  a  point  may 
be  fixed  at  some  part  of  the  royalty,  and  a  line  laid  out  connecting  it 
with  some  permanent  point,  such  as  the  centre  of  the  shaft,  and  the 
bearing  of  the  magnetic  with  this  line  recorded  every  year  or  every 
second  year ;  the  difference  in  the  readings  will  be  the  amount  of  the 
annual  variation.* 

•  A  TreaHseon  Mine  Swrveying^  p.  50. 
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A  very  conyenient  method  is  to  fix  a  pin  in  the  ground  on  some 
part  of  the  collieiy  which  is  unlikely  to  be  affected  by  the  proximity 
to  underground  workings,  and  to  sight  from  this  point  a  number  of 
permanent  objects  within  range,  such  as  steisples,  factory  chimneys, 
etc.  The  mean  of  the  angles  made  by  the  axis  of  the  magnetic, 
and  the  imaginary  lines  connecting  the  point  with  the  objects 
selected,  determines  the  variation  in  the  meridian  in  a  more 
satisfactory  manner  than  by  relying  on  observations  in  one  line 
only. 

To  ascertain  if  there  are  any  local  attractions  affecting  the  needle, 
a  number  of  observations  should  be  made  on  a  straight  line,  the 
correct  bearing  of  which  is  known. 

Colliery  Plans. — A  number  of  plans  are  published  by  the  Ordnance 
Survey  Department  which  are  of  great  use  in  mining  operations. 
The  smallest  are  on  a  scale  of  1  in.  to  the  mile,  showing  the  roads, 
railways,  and  chief  land  marks,  such  as  farmhouses,  plantations, 
streams,  etc.  The  next  size  is  6  in.  to  the  mile,  showing  every 
detail,  such  as  fences  and  other  boundaries.  On  these  plans  the 
levels  are  also  marked,  showing  the  height  of  various  points  above 
the  mean  searlevel  at  Liverpool.  The  positions  at  which  the  levels 
have  been  taken  are  indicated  by  dots,  and  the  height  marked  beside 
them  in  figures,  thus  0  683*3.  Where  these  obs^ationa  have  i^m 
been  made,  bench  marks,  as  they  are  called,  are  cut  on  the  walls  of  ^\ 
buildings,  pavements,  etc.     Their  positions  are  indicated  thus :       * 

Contour  lines  are  also  indicated  on  these  plans  by  means  of 
dotted  lines.  These  contour  lines  indicate  that  each  point  on  the  line 
is  at  the  same  height  (given  in  small  figures  within  the  areas  thus 
outlined)  above  sea-level. 

This  information  is  very  useful  to  the  mining  engineer  in  aiding 
him  to  determine  the  levels  of  the  various  pits  and  bore-holea  which 
may  be  put  down  on  an  estate,  and  in  enabling  him  to  arrive  at  a 
conclusion  as  to  the  best  position  in  which  to  sink  new  shafts  or  to 
lay  down  sidings  and  other  works.  The  1  in.  and  the  6  in.  maps  can 
be  obtained  coloured,  showing  the  geological  formation  of  the  various 
coalfields  and  the  outcrops  of  the  various  seams,  the  depths  of  the 
pits  sunk,  the  position  and  extent  of  faults,  where  proved,  and  much 
other  useful  information.  The  largest  scale  plans  published  by  the 
Ordnance  Survey  is  25  344  in.  to  the  mile,  or  ^^^nr  ^^  ^^^  actual 
size  of  the  district  surveyed.  These  plans  are  very  accurate,  and 
show  every  surface-feature  that  was  in  existence  at  the  time  of  the 
survey,  together  with  the  bench  marks,  eta  Unfortunately,  the 
paper  on  which  the  maps  are  printed  is  found  to  contract  and  ex- 
pand considerably,  and  this  may  sometimes  lead  to  an  error,  but 
that  may  be  guarded  against  to  a  certain  extent  by  ushig  the  scale 
printed  on  the  plan  itself  in  preference  to  a  detached  scale.  On 
these  sheets  every  enclosure  is  numbered,  and  a  book  of  reference  to 
these  numbers  is  published  for  each  parish  represented,  giving  the 
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area  of  these  enclosures  and  the  nature  of  the  ground,  such  as 
pasture  land,  wood  land,  gardens,  etc.,  etc.  In  the  latest  editions 
of  these  plans  the  area  of  each  enclosure  is  marked. 

The  levels  marked  on  an  Ordnance  Survey  plan  are  not  always 
correct  for  collieiy  districts,  as  the  continual  subsidence  of  the  under- 
ground workings  affects  the  surface  leveL  As  an  instance  of  this 
it  was  found  recently,  whien  a  new  survey  of  one  of  the  Scotch  coal- 
fields was  made,  that  nearly  every  bench  mark  had  subsided  from 
5  to  7  ft. 

The  Ordnance  Survey  also  publish  vertical  sections  of  the  various 
coalfields,  corresponding  with  lines  shown  in  the  plans,  showing  the 
seams,  and  horizontal  sections  showing  the  nature  of  the  intervening 
strata. 

The  smallest  scale  permitted  for  colliery  plans,  by  the  provisions 
of  the  Coal  Mines  Regulation  Act,  is  ttxht-  ^^^  ^^®  working  plans 
of  collieries  this  scale  is,  however,  too  small,  and  the  scale  in  common 
use  is  ^  in.  to  66  ft.  Sometimes  scales  of  1  in.  to  66  ft.  are  used,  but 
a  plan  of  on  extensive  royalty  drawn  to  that  scale  becomes  incon- 
venient and  unwieldy  to  work  from.  In  preparing  a  colliery  plan 
the  first  step  is  to  make  an  accurate  survey  of  the  surface  boundaries 
and  determine  the  position  of  the  various  shafts  and  surface  build- 
ings. This  is  usually  done  with  a  theodolite.  The  details  of  fences, 
etc.,  may  be  filled  in  by  enlargement  from  the  25  in.  Ordnance  Survey 
maps,  but  as  many  of  these  plans  are  very  much  out  of  date,  it  is 
often  necessary  to  make  a  complete  new  siirvey  of  all  the  surface 
lines  within  the  boundary.  For  this  purpose  the  theodolite  may  be 
used,  but  where  the  details  are  somewhat  intricate  it  is  more  expeditious 
to  use  the  mining  compass.  A  plan  which  has  merely  been  enlarged 
from  the  25  in.  scale  without  check  surveys  cannot  be  relied  upon 
when  workings  are  being  carried  on  near  the  boundaries,  but  it  may 
be  useful  as  a  general  plan  to  guide  operations. 

The  information  wluch  should  be  shown  on  colliery  plans  is  as 
follows: — All  underground  workings  showing  the  position  of  coal 
faces  and  the  position  of  all  pillars  of  coal ;  faults  and  dykes  show- 
ing the  direction  and  amoimt  of  throw ;  all  the  air  and  water-courses 
and  the  haulage  roads.  The  thickness  of  the  coal  should  be  marked 
at  frequent  intervals,  and  special  care  should  be  taken  to  indicate 
clearly  what  has  been  found  in  exploration  workings.  The  dip  and 
rise  of  the  strata  should  be  indicated  with  an  arrow  and  the  rate  of 
inclination  marked  thereon.  Levels  should  also  be  marked  at 
various  points,  showing  the  height  above  a  given  datum  line,  one, 
two,  or  three  thousand  feet  below  sea-level  being  convenient  datum 
lines. 

The  date  of  the  survey  of  all  working  faces  should  be  neatly 
marked  and  the  workings  should  be  surveyed  and  extended  in  ink 
every  three  months.  The  position  of  all  shafts  should  be  shown  and 
the  depth  marked,  and  a  section  must  be  given  showing  the  strata 
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Blink  through,  or,  if  that  is  not  practicable,  one  showing  the  average 
thickness  of  the  coal  and  the  nature  of  the  roof  and  pavement.  The 
surface  lines  are  usually  drawn  in  with  Indian  ink,  and  the  boundaries 
indicated  by  an  edging  of  colour. 

To  indicate  the  underground  workings,  colour  is  generally  used 
instead  of  Indian  ink,  a  separate  colour  being  used  for  each  seam. 
Faults  and  troubles  should  be  shown  distinctively  coloured. 
When  two  or  more  superimposed  seams  are  worked,  and  require  to  be 
shown  on  the  same  plan,  each  seam  is  coloured  differently,  as  stated 
above,  but  it  is  far  better  to  make  a  separate  plan  for  each  seam 
worked.  In  pillar  and  stall  workings  only  the  road  need  be  coloured, 
while  the  solid  is  being  worked,  but  after  the  pillars  have  been  re- 
moved it  is  usual  to  colour  the  waste  or  exhausted  area  and  show  it 
by  hatched  lines. 

In  longwall  workings  the  waste  only  need  be  coloured  and  the 
roads  left  uncoloured.  Roadways  going  through  solid  coal  are 
generally  shown  by  unbroken  lines,  while  those  going  through  waste, 
as  in  longwall,  are  usually  shown  with  dotted  lines.  The  two 
commonest  colours  used  in  making  plans  are  red  and  blue.  On 
surface  plans  water  is  shown  blue,  roads  '  Burnt  Sienna,'  and  build- 
ings indicated  in  a  wash  of  Indian  ink.  It  is  generally  found 
sufficient  to  colour  the  roads,  buildings,  and  water. 

All  colliery  plans  should  be  dmwn  on  strong  mounted  paper,  and 
great  care  should  be  taken  that  the  paper  is  thoroughly  seasoned 
before  being  used. 

Underground  Surve3aiig. — For  the  great  majority  of  underground 
surveys  the  instrument  used  is  some  form  of  mining  compass.     In 
cases  where  there  is  no  disturbing  magnetic  influence,  such  as  in  sur- 
veying the  roadway  shown  in 
fig.  488,  the  compass  is  first 
planted  at  B  and  then  care- 
fully   levelled,     the     needle 
being  allowed  to  settle.      A 
lamp  is  now  held  at  A  in  the 
centre  of  the  shafts  or  on  one 
Fio.  488.  of  the  guides,  and  the  sights 

of  the  compass  rotated  until 
the  hair  cuts  the  light.  The  bearing  is  then  read  off  and  recorded 
in  the  survey  book,  the  measurement  being  taken  at  the  same  time 
by  the  assistants,  and  likewise  recorded  in  the  book.  By  this  time 
a  man  has  gone  forward  to  the  point  C,  and  places  there  a  lamp  on 
the  floor  as  near  to  the  centre  of  the  road  as  possible. 

The  bearing  from  B  to  G  is  now  taken  and  recorded  in  the  same 
way.  The  surveyor  then  lifts  the  compass  and  plants  it  at  D,  and 
takes  the  bearings  D  C  and  D  E  in  the  same  way  as  before.  There 
are  various  ways  of  booking  a  survey  like  this,  two  of  the  commonest 
methods  being  here  shown. 


8UB7KTING,  LEVELLINO,  AND  PLANS. 


469 


First  Method 

• 
• 

No.  of  Reeling. 

Hi  aring. 

Distance  Links. 

(1) 

(2) 

N.  70E. 
S.  85  £. 
N.  75K 
N.    6E. 

100 
126 
167 
122 

Remark  8. 
From  centre  of  No.  I  Pit. 


Fig.  489. 


Second  Method : — With  the  second  method  it  is  desirable  to  make 
a  small  sketch  at  the  same  time  as  the  bearings  are  bemg  written 
down,   80   as    to   give 
the  surveyor  a  general 
idea  of  the  ground  he 
is  surveying  (fig.  489). 

This  is  a  very  satis- 
factory and  expeditious 
method  of  surveying, 
provided  the  surveyor 
has  had  sufiGicient 
practice  to  sketch 
neatly.  There  are  one 
or  two  points  which 
need  to  be  taken  note 

of.  Take  bearing  No.  2,  which  reads  S.  85  E.  A  common  mistake 
among  learners  in  marking  a  bearing  like  this  would  be  to  record 
it  as  N.  85  E.,  and  a  mistake  like  that  is  almost  impossible  to  check 
when  the  survey  comes  to  be  plotted.  Take  now  the  bearing  B  C,  as 
shown  on  fig.  490 ;  whichever  end  of  the  needle  may  be  looked  at 
there  is  only  the  one  figure  which  can  be  read  off,  viz.,  85*",  and  this 
is  accordingly  marked 
in  the  book.  Simi- 
larly the  last  bearing 
might  have  been 
marked  N.  5  W., 
whereas  in  the  oth(r 
case*  it  is  simply 
marked  175**,  and  it 
is  hardly  possible  to 
make  a  mistake.  The 
only  mistake  which  is 
liable  to  occur  with 
this  latter  method  is 

that  such  a  bearing  as  D  E  might  have  been  sketched  as  turning  to  the 
right  instead  of  to  the  left.  A  mistake  like  that,  however,  is  easily 
detected  when  plotting,  and  with  a  little  care  underground  in  watch- 
ing the  general  direction  of  the  road,  whether  towards  the  north  or 
towards  the  south,  this  source  of  error  should  be  easily  avoided. 

It  occasionally  happens  that  a  few  bearings  have  to  be  taken  at 


Fig.  490. 
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Fio.  491. 


some  point  where  magnetic  attractions  are  exerted,  and  that  a  free 
vernier  compass  cannot  be  employed  for  the  purpose.  To  do  this  with 
the  loose  needle  the  method  usually  adopted  is  shown  in  fig.  491. 

Planting  the  compass  at  B,  the  bearing  reads  60''  from  B  to  A  and 
90*  from  B  to  C.  Planting  again  at  C,  a  back  sight  is  taken  to  B 
and  reads  83*",  and  a  foresight  to  D  reads  135*.  Similarly  at  D  the 
back  sight  reads  133*  and  the  foresight  TO"",  and  at  E  the  back  sight 

is  73"  and  the  fore- 
'^  '  sight  is  92%  At  E 
there  is  no  iron  to 
attract  the  needle, 
but  as  a  check  back 
sights  are  taken  at 
F,  and  as  this  also 
records  92*  it  indicates  that  the  bearing  taken  from  E  is  correct 
Now  the  bearing  from  E  to  D  is  73*,  and  this  bearing  having  been 
taken  from  a  point  where  there  is  no  attraction  is  bound  to  be  correct 
When  the  compass  was  at  D  the  bearing  from  D  to  E  read  70*,  there- 
fore the  amount  of  attraction  at  D  is  73  -  70  »  3*,  to  be  added  to  the 
observed  bearing,  so  that  the  bearing  133  taken  from  D  to  0  is  3* 
wrong  and  should  be  136*.  In  the  same  way  at  C  the  correct  bear- 
ing C  to  D  is  1 36*  and  the  compass  reads  135*, — ^that  is,  1*  to  be  added 
to  the  compass  bearing,  so  that  the  correct  bearing  GtoBis83  +  l» 
84*.  Again,  at  B  the  compass  reads  90  from  B  to  C  instead  of  84*,  ao 
that  6*  must  be  deducted  this  time  from  all  bearings  taken  at  the 
point  B,  and  the  correct  bearing  from  B  to  A  becomes  54*. 
The  survey  would  now  be  plotted  : 

A  to  B  64*,  B  to  C  84*,  C  to  D  136*,  D  to  E  73*,  and  E  to  F  92r 

The  student  should  never  think  of  seeking  the  average  bearing  of 
the  back  and  foresights  in  a  survey  of  this  kind,  as  such  a  method 
would  be  quite  incorrect,  and  a  careful  surveyor  would  endeavour  to 
secure  a  sight  free  from  magnetic  disturbance  at  each  end  of  the  sur\'cy, 
80  that  the  one  may  be  checked  by  the  other. 

The  Fixed  Needle  or  Vernier  Compass. — This  mstrument  may 
be  used  in  two  ways  underground.  The  first  method  is  by  taking 
the  angles  between  each  two  bearing  lines  by  placing  the  i^emier  at 
zero  at  every  station,  as  is  sometimes  done  with  the  theodolite  when 
taking  a  surface  survey.  This  method  of  surveying  is,  in  the  writer's 
opinion,  quite  imsuitable  for  general  underground  work,  and  will  not 
be  further  described. 

The  second  method  is  to  take  the  bearings  and  book  them  precisely 
the  same  as  if  they  were  loose  needle  bearings. 

Let  fig.  492  represent  a  working  which  is  to  be  surveyed  with  the 
vernier  along  the  road  from  A  to  F,  which  is  laid  with  steel  rails. 
Suppose  that  at  B^  there  is  an  old  roadway  without  rails,  and  where 
the  compass  can  be  planted  at  a  sufficient  distance  back  from  the 
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main  road  to  avoid  disturbing  influences.  The  first  operation  is  to 
set  up  the  compass  at  B^.  Fix  the  arrow  on  the  vernier  plate 
opposite  zero,  then  unclamp  the  needle,  and  after  allowing  it  to 
settle  turn  the  dial  round  until  the  needle  also  points  to  zero.  The 
clamp  screws  are  then 
tightened  to  secure 
the  compass  to  the 
tripod  and  the  clamp- 
ing screw  of  the 
vernier  slackened. 
If  the  dial  is  now 
turned     round,     the  Fio.  492. 

arrow  on  the  vernier 

plate  still  remains  pointing  to  the  north,  as  it  will  be  moving 
along  with  the  north  end  of  the  needle.  The  sights  are  now 
turned  to  cut  the  light  held  at  B  aud  the  vernier  screw  is  then 
tightened  up.  Before  lifting  the  compass  a  lamp  is  placed  verti- 
cally below  the  centre,  and  for  this  purpose  a  brass  plumb  line 
with  a  thin  flexible  cord  is  used.  The  instrument  is  now  lifted 
and  planted  exactly  abuve  the  lamp  at  B,  and  carefully  levelled. 
The  lower  screws  of  the  tripod  are  loosened  and  the  compass  turned 
to  sight  back  to  the  lamp  at  B^.  When  this  has  been  done  the 
lower  screws  are  again  tightened  up.  It  is  evident  now  that 
the  compass,  as  planted  at  B,  is  lying  in  exactly  the  same  line  as 
it  was  when  placed  at  B^  and  the  arrow  on  the  vernier  plate  still 
points  to  north.  The  vernier  clamp  screw  is  now  slackened  and  the 
bearing  B  to  A  taken  and  recorded  in  the  survey  book.  The  bear- 
ing B  to  C  is  also  taken,  and  while  looking  through  the  compass  to  C 
the  vernier  clamp  screw  is  tightened.  The  compass  is  again  lifted 
forward  to  C,  and  before  the  vernier  is  slackened  the  back  sight 
towards  B  is  taken,  so  that  the  vernier  still  remains  pointing  to  the 
north.  The  bearing  G  D  is  now  taken.  In  the  same  way  the  bearings 
D  E  and  E  F  are  also  taken.  Suppose  F  is  at  the  coal  face,  and  that 
it  is  possible  to  obtain  a  clear  bearing  at  that  point.  The  vernier  may 
now  be  checked  to  see  if  it  still  corresponds  with  the  needle.  If  it 
does  the  survey  may  be  taken  as  correct,  but  the  student  will  very 
often  find  that  his  work  has  not  been  done  with  sufficient  accuracy, 
and  that  the  needle  does  not  coincide  with  the  vernier.  If  the  work 
is  important  a  new  survey  must  be  made,  but  in  many  cases  it  will 
be  sufficient  to  make  an  allowance  for  the  error  when  plotting  the 
survey.  For  instance,  if  the  last  bearing  E  F  in  fig.  492  is  1"*  wrong, 
then  this  error  may  be  divided  among  the  total  number  of  bearings 
(which  in  this  case  is  five),  so  that  1 2  minutes  would  require  to  be 
added  or  deducted,  as  the  case  may  be,  in  each  case.  It  is  not  always 
possible  to  get  a  clear  bearing  at  the  commencement  of  the  survey. 
In  such  a  case  the  survey  may  be  taken  from  the  face  outwards,  or 
if  that  is  not  oouvenient  then  a  start  may  be  made  at  the  pit 
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bottom  the  vernier  being  put  at  the  incorrect  north  indicated  by  the 
magnetic  needle,  and  the  survey  made  inwards  in  the  usual  way  uiitil 
a  clear  bearing  can  be  obtained.  If  at  this  point  the  needle  is,  say, 
5"*  different  from  the  vernier,  then  this  difference  must  be  allowed  on 

each  bearing  up  to  the  point  where 
the  clear  bearing  was  obtained.  The 
vernier  is  then  adjusted  to  coincide 
with  the  magnetic  needle,  and  the 
survey  proceeds  as  before.  When 
a  side  road,  off  the  main  road,  has 
to  be  surveyed  with  the  vernier  it 
is  necessary  to  leave  in  two  marks 
on  the  main  line  of  survey.  Suppose 
at  B,  on  fig.  493,  the  road  B  D  £  F 
has  to  be  surveyed.  The  bearing 
A  B  is  taken  and  a  mark  left  at 
A,  the  bearing  BD  is  also  taken 
and  a  lamp  planted  below  the  com- 
pass at  B.  The  instrument  is  now 
shifted  forward  to  D,  a  back  sight 
taken,  and  the  position  of  the  lamp 
at  B  is  now  carefully  marked  and 
the  bearing  DE  taken,  and  so  on,  till  F  is  reached.  The  com- 
pass is  now  brought  back  and  carefully  plumbed  over  the  mark 
left  at  B  and  the  vernier  fixed  at  the  bearing  AB,  as  before 
obtained.  The  back  sight  is  now  taken  to  A,  the  vernier  undamped 
and  the  foresight  taken  to  C,  the  survey  proceeding  in  the  usual 
way.  To  insure  accuracy  when  working  with  the  vernier  a  good 
plan  is  to  use  two  tripods.  The  spare  tripod  is  pknted  at  the 
point  where  the  foresight  is  to  be  taken,  and  a  ]amp  is  held  exactly 
at  the  centre.  After  taking  the  sight  the  compass  is  lifted  off  its 
tripod  and  carried  forward  and  placed  on  the  spare  tripod,  and  the 
back  sight  taken  to  a  light  held  exactly  at  the  centre  of  the  last 
tripod.  The  surveyor  has  tlien  to  wait  until  this  tripod  is  brought 
forward  and  planted  in  the  position  for  the  front  sight.  The  learner 
working  with  the  vernier  often  makes  mistakes  by  slackening  the 
wrong  screws,  with  the  result  that  the  whole  work  has  to  be  done 
over  again.  Assistants,  too,  often  lift  the  lamp  from  the  back  sight 
point  before  it  has  been  looked  at,  with  the  result  that  the  base  line 
for  the  forward  sight  is  destroyed,  and  part  of  the  work  has  to  be 
repeated.     These  mistakes  should  be  carefully  avoided. 

Measurements. — In  surveying,  lengths  are  usually  measured  by  the 
imperial  chain,  which  consists  of  100  links,  each  link  being  7*92 
in.  long,  and  therefore  its  total  length  is  66  ft.  By  adopting  this 
unit  of  length,  the  chain  is  made  to  bear  certain  ratios  to  other 
standard  measurements ;  for  instance,  ^  chain  is  equal  to  1  pole,  and 
1  mUe  equals  80  chains,  and  10  chains «  1  furlong.     Again,  1  acre* 
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4840  sq.  yds.,  and  22^  =  484  yds.  =  1  sq.  chain,  therefore  we  have 
10  sq.  chains  iu  1  acre,  and  as  10  sq.  chains  are  equal  to  10000 
sq.  links,  100,000  sq.  links  are  equal  to  1  acre. 

Measurements  are  also  made  by  chains  100  ft.  in  length;  these 
chains  are  largely  used  in  civil  engineering  work,  and  also  in  metal 
mining  di.stricts.  By  using  such  a  length  of  chain,  measurements 
can  be  made  much  more  rapidly,  and  are  easier  dealt  with  for  surface 
surveys.  The  unit  of  measurement  in  ore  mines  is  usually  the 
imperial  chain,  but  very  often  the  unit  is  1  fathom  and  a  chain  used 
10  fathoms  long.  On  the  Continent  the  imit  is  1  metre,  which  is 
equal  to  39*37  in. 

The  best  chains  are  made  of  the  finest  mild  steel,  as  with  this 
material  they  can  be  made  lights  and  less  easily  bend. 

There  arc  many  sources  of  inaccuracy  which  arise  from  using  the 
chain,  and  great  care  has  to  be  taken  to  avoid  them.  The  chain 
should  be  frequently  checked  by  some  standard  mark,  as  it  is  very 
liable  to  become  stretched,  or  some  of  the  links  may  be  bent  when 
it  becomes  too  short. 

In  most  large  towns  standard  measurements  are  marked  with  brass 
plates  on  some  public  building.  The  chain  should  be  checked  at  one 
of  those  standard  marks,  and  similar  permanent  marks  should  be  laid 
out  at  the  colliery,  so  that  the  chain  may  be  checked  at  any  time 
and  always  kept  correct. 

Care  must  also  be  taken  when  measuring  that  none  of  the  links 
are  interlocked,  as  this  would  also  cause  considerable  error. 

Another  method  of  measuring  is  by  means  of  steel  tapes.  These 
tapes  are  largely  used  in  some  American  mines.  In  Pennsylvania, 
tapes  300  to  600  ft.  long  are  employed.  Measurements  taken  iu 
this  way  are  likely  to  be  more  accurate  than  with  a  chain,  but  steel 
tipes  must  not  be  allowed  to  kink,  as  they  are  then  very  apt  to 
break.  The  difi&culty  connected  with  tapes  is  the  reading  of  them 
in  muddy  and  wet  mines,  where  they  get  rusted.  To  obviate  this, 
small  bits  of  brass  wire,  with  a  certain  nuniber  of  nicks  or  cuts  in 
them,  are  soldered  on  at  regular  distances  apart. 

For  very  correct  measurements,  surveyor's  rods  are  used;  these 
are  made  of  lancewood,  in  pieces  about  5  ft.  long,  joined  together  by 
a  '  scarf '  joint.  They  are  often  used  to  check  the  length  of  the  other 
measuring  instruments,  and  are  also  useful  for  marking  out  a  stan- 
dard chain.  Glass  rods  have  also  been  used  on  important  govern- 
ment survejTS. 

Measuring  on  the  Slope. — In  chain  work  on  the  slope,  corrections 
must  be  made  to  get  the  proi>er  horizontal  measurement.  There  are 
several  methods  of  doing  this,  such  as:  (1)  by  ascertaiuing  the 
angle  of  inclination;  (2)  measuring  along  the  slope  and  making 
deduction  from  every  measurement;  (3)  by  *  stepping'  the  chain. 
When  incline  measurements  are  required  to  be  accurately  made,  the 
angle  of  inclination  is  ascertained  by  a  clinometer  or  similar  instrument, 
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and  the  actual  horizontal  measurements  can  be  ascertained  by  calcu- 
lation from  tables  compiled  for  the  purpose.  Many  mining  compasses 
are  fitted  with  an  external  arc  for  taking  the  angles  of  inclination 
simultaneously  with  the  horizontal  angles. 

The  method  that  is  most  largely  adopted  by  surveyors  is  to 
measure  along  the  slope  and  make  deductions  for  each  length,  ao- 
cording  to  the  inclination,  the  amount  of  deduction  necessary  being 
derived  from  the  tables.  In  the  absence  of  these,  the  following 
approximate  method  may  be  employed. 

Example. — A  seam  dips  1  in  8 ;  find  the  horizontal  lengths  corre- 
sponding to  the  following  measurements,  360,  470,  832. 


If  L  is  tbe  horizontal  length  required,  D  the  measured  distance  on  the  slope, 
auddthedip,  L=>^D«-(5y 


.•.  (1)  L=  V129600  -  2025  =867  ; 
(2)  L=  V220900-8364  =465;  and 
(8)  L=V692224- 10816  =  825. 

In  the  above  examples  decimal  fractions  have  been  disregarded, 
.although  in  practice  they  must  be  considered,  or  the  result  may  lead 
to  error  when  considerable  distances  are  hivolved. 

Stepping  the  Chain. — Tins  is  a  method  sometimes  adopted  to 
ascertain  the  horizontal  measurement  on  inclined  workings,  and  is 
very  expeditious,  but  only  approximate  results  can  be  obtained,  and 
the  method  should  not  be  adopted  on  gradients  of  more  than  5° ; 
when  the  inclination  is  greater  it  is  too  inaccurate. 

The  method  of  '  stepping '  the  chain  will  be  understood  from  fig. 
495.     The  chain  should  be  taken  in  not  more  than  half  lengths  or 

quarter  lengths,  and  stretched  out  firmly 
to  A,  say,  and  a  cord  and  plumb-bob 
dropped  vertically  to  B,  the  distance 
OA  being  then  carefully  measured. 
The  same  process  is  repeated  at  C  and 
E,  the  distance  B  G  and  D  £  being 
found  in  the  same  way.  The  vei'tical 
distances  AB,  CD,  £F  need  not  be 
measured,  unless  they  are  wanted  as  a 
check  on  the  work. 

Flitting  the  Survey. — The  lines  and 
angles  of  a  survey  are  usually  represented  on  paper  on  a  very  small 
scale  compared  to  the  original  lengths  and  angles.     The  process  of 
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putting  these  lines  and  angles  on  a  plan  is  termed  plotting.  The 
plotting  of  surveys  may  be  divided  into  three  different  methods, 
viz.,  by  means  of  protractors,  by  rectangular  co-ordinates,  and  by 
chords.  The  first  method  is  the  one  most  largely  used  for  colliery 
work,  and  can  be  done  very  accurately  with  a  good  protractor. 

Protractors, — There  are  various  kinds  of  protractors  used  for 
this  purpose,  the  commonest  sort  being  a  half  circle  with  or  without 
a  movable  arm.*  They  may  be  made  of  brass,  ivory,  celluloid,  or 
white  metal.  The  semicircle  is  divided  from  0*"  to  180*  in  opposite 
directions.  To  plot  the  survey  the  straight  side  of  the  protractor  is 
laid  along  an  assumed  meridian  line  (fig.  496),  and  the  bearings 
pricked  off  by  making  a  mark  with  a  fine  peucil  or  needle  at  the 
desired  angle  and  numbering  the  bearings  as  they  are  taken  off.  All 
bearings  say  to  south-east  and  north-east  will  be  first  taken  off  and 


numbered ;  the  protractor  will  then  be  reversed  and  all  the  bearings 
to  south-west  and  north-west  pricked  off  and  likewise  numbered.  In 
laying  the  protractor  on  the  meridian  line  its  centre  should  be  placed 
on  some  fixed  point,  such  as  the  intersection  of  a  line  drawn  at  right 
angles  to  the  meridian  line,  which  would,  of  course,  represent  an 
east  and  west  line.  The  first  line  may  then  be  taken  from  this 
centre  point  to  the  first  bearing  and  the  distance  marked  off,  or  it  is 
sometimes  more  convenient  to  parallel  the  line  to  a  different  part  of 
the  paper,  clear  of  the  bearings  altogether.  For  this  purpose  two 
set-squares  or  a  parallel  ruler  may  be  used,  but  the  latter  should  not 
be  used  unless  it  is  of  fair  size  and  provided  with  rollers.  The  dis- 
advantage of  this  method  of  plotting  is  that  the  plan  gets  spoiled  by 
the  large  number  of  pencil  or  needle  marks  that  would  be  required. 
For  ofi&ce  work  the  semicircular  protractor  is  often  provided  with  a 
movable  arm  and  a  small  vernier,  which  enables  it  to  be  used  with 

*  The  protractor  shown  in  the  figure  is  made  of  boxwood.    A  more  reliable 
iuHtiuineut  is  a  semicircular  protractor  made  uf  horiu 
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great  acouracj.  A  long  steel  '  straight-edge '  is  laid  along  the 
meridian  line,  and  the  protractor  is  fitted  on  to  this  with  its  straight 
side  against  the  straight-edge.  The  bearings  and  lines  can  then  l>e 
taken  off  rapidly  and  accurately  by  means  of  the  movable  arm,  and 
without  requiring  to  prick  them  off  or  mark  them  on  the  plan. 

The  circular  protractor  diyided  to  the  full  circle  is  more  accurate 
and  convenient  for  plotting  a  survey.  It  may  be  used  in  much  the 
same  way  as  the  semicircle.  When  provided  with  a  swinging  arm 
the  bearings  can  be  taken  off  very  rapidly  and  accurately.  Another 
method  of  plotting  is  to  use  a  large  cardboard  protractor  and  parallel 
ruler.  This  cardboard  protractor  is  usually  12  to  18  in.  square  and 
divided  from  0*  to  360",  numbered  in  opposite  directions.  The  centre 
portion  of  the  cardboard  is  cut  out,  and  the  north  and  south  line 
made  to  coincide  with  the  plan  meridian.  The  parallel  ruler  is 
placed  on  the  required  bearing  and  transferred  direct  to  the  plan. 
This  saves  much  time  aud  keeps  the  plan  free  of  pencil  marks,  which 
are  necessary  with  the  ordinary  circular  protractor.  The  bearings 
can  be  taken  very  accurately,  owing  to  the  large  diameter  of  the  pro- 
tractor. In  the  making  of  the  Government  Ordnance  Survey  Plans 
such  protractors  are  always  used. 

In  Scotland  a  method  of  plotting,  which  can  be  very  rapidly  and 
accurately  done  by  what  is  known  as  a  '  table '  protractor,  is  largely 
used  in  mining  engineers'  offices.  This  protractor  consists  of  a  large 
circle  2  ft.  in  diameter.  This  circle  is  fitted  into  a  square  wooden 
frame  or  table  a,  in  which  it  revolves  on  a  central  axis  5.  On  the 
inside  revolving  circle  is  fixed  a  circular  sheet  of  paper  or  scroll  plan, 
with  the  working  meridian  on  it ;  this  line  is  made  to  coincide  with 
the  north  and  south  line  on  the  protractor.  A  small  brass  plate  r^ 
with  an  arrow  engraved  on  it,  is  fixed  to  the  square  frame,  and  the 
bearing  required  is  made  to  coincide  with  this  arrow,  the  line  being 
transferred  on  to  the  paper  direct  by  the  aid  of  a  T-square  laid  across 
the  protractor.  The  construction  and  method  of  using  this  pro- 
tractor wiU  be  understood  from  the  illustration  in  fig.  497. 

The  bearings,  after  being  plotted  on  these  scroll  plans,  are  trans- 
ferred to  the  large  colliery  plans  by  tracing  paper.  A  large  amount 
of  work  can  be  done  very  rapidly  by  this  method,  and  the  large  size 
of  the  protractor  insures  its  accuracy. 

Plotting  by  Co-ordinates, — Where  surveys  have  to  be  plotted  with 
great  accuracy,  the  method  of  using  rectangular  co-ordinates  is  to  be 
preferred  to  any  other.  *  It  consists  in  assiuning  two  fixed  axes 
crossing  at  right  angles  to  each  other  at  a  fixed  point  or  origin,  and  in 
calculating  the  perpendicular  distances,  or  co-ordinates,  of  each  station 
from  these  axes.  If  the  true  meridian  has  been  ascertained,  it  may 
be  made  to  represent  one  of  the  axes.  In  fig.  498,  which  illustrates 
this  method  of  plotting,  the  north  and  south  line,  and  east  and  west 
drawn  at  right  angles  have  been  taken  to  represent  the  required  axes. 
*  A  TreaiiM  on  Afine  Sarveying^  by  Bennett  H.  Braugk,  pp.  140-148. 
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Now  every  line  that  is  taken  in  a  survey  will  depart  from  the  north 
and  south  line  by  a  definite  amount^  according  to  its  angle  and  dis- 
tance, and  similarly  it  will  also  depart  a  certain  amount  from  the 
east  and  west  line.  The  distance  that  the  line  departs  from  the 
north  and  south  line  is  termed  its  latitude,  and  the  distance  that  it 
departs  from  the  east  and  west  line  is  termed  its  depciHure,  The 
latitude  of  a  point  may  be  defined  as  its  distances  duo  north  or  south 
of  some  fixer!  point.  The  distance  that  one  end  of  a  line  is  due  north 
or  south  of  the  other  end  is  called  the  di£ference  of  latitude  of  the 
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ends  of  the  line,  and  similarly  the  distance  which  one  end  of  a  line 
is  east  or  west  of  the  other  end  is  called  the  difference  of  longitude 
of  the  ends  of  the  line  or  the  departure. 

The  latitude  =  distance  x  cosine  of  bearing. 
„  departure  »  distance  x  sine  of  bearing. 


To  obviate  the  tedious  process  of  calculating  each  bearing,  the 
latitudes  and  departures  may  be  taken  from  a  book  of  traverse  tables. 
The  best  book  of  tables  for  this  purpose  is  that  by  R.  Lloyd  Gurden, 
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in  which  the  tables  are  computed  for  every  minute  of  angle.     The 
data  for  the  survey  plotted  in  fig.  498  were  as  follows : 


Bearing. 

Distance. 

Latitude. 

Departure. 

Links. 

N  + 

S- 

E  + 

W- 

N.  10'  E. 

100 

98-5 

•  •  • 

17-4 

•  •• 

N.  77"  E. 

180 

29-2 

•  •  • 

126  7 

•  •  • 

S.   67"  E. 

184 

•  •• 

62-4 

123-3 

•  •• 

S.   fiS'^E. 

186 

•  •• 

81-8 

108-6 

•  •  ■ 

S.   20'' W. 

42 

•  •• 

89*5 

■  •  • 

14*4 

S.   29**  E. 

182 

•  ■  • 

115-4 

64*0 

•  ■  • 

S.   42'' W. 

86 

■  •  ■ 

68  9 

■  •• 

67-6 

S.   89**  W. 

78 

•  •  • 

1*4 

•  .  ■ 

78  0 

N.  70"  W. 

110 

87  6 

■  •  ■ 

•  •• 

103-4 

N.  66'  W. 

106 

44*8 

•  •  • 

■  •  • 

96*1 

N.  86'  W. 

47 

4-1 

•  •• 

•  •  • 

46-8 

N.  66'  W. 

120 

48-8 

•  •• 

•  ■  • 

109-6 

N.  68'  K. 

118 

914 

•  «• 

65-8 

•  •  • 

Before  these  co  ordinates  can  be  used  for  plotting,  tiicy  must  I>c 
reduced  to  total  latitudes  and  departures.  To  effect  this  the  noi-th- 
ings  and  eastings  are  regarded  as  positive  quantities,  while  the  south- 
ings and  westings  are  regarded  as  negative  quantities,  and  the  reduc- 
tions are  then  computed  by  taking  the  algebraical  sum  at  each 
station,  which  from  the  above  data  would  be  as  follows : 


No. 

Total  Latitude. 

Total  Departure. 

(1) 

+  98*5 

+   17-4 

(2) 
8) 

+  127*7 

.    +144-1 

+  75-8 

+  267-4 

(4) 

-     6-5 

+  876*0 

(6) 

-  46-0 

+  861*6 

(6) 

-101*4 

+  425-6 

(7) 

-225-8 

+  368-1 

(8) 

-226*7 

+  •290  1 

(9) 

- 189-1 

+  186-7 

(10) 
(11) 

-144-8 

+  90-6 

- 140*2 

+   48-8 

(12) 

-   91*4 

-   65*8 

(18) 

00*0 

00-0 

To  plot  from  this  table,  draw  a  north  and  south  line,  and  an  east 
and  west  line,  making  the  junction  of  these  two  lines  the  starting 
point  for  the  first  station.  From  this  point  (A,  fig.  498)  take  line  No. 
1  and  measure  off  98*5  northwards  and  17  4  eastwards,  making  a 
mark  at  the  end  of  these  distances.  From  the  end  of  distance  98*5 
draw  a  line  at  right  angles  to  north  and  south,  and  from  the  end  of 
distance  17*4  draw  another  line  at  right  angles  to  east  and  west,  con- 
tinuing this  line  till  it  meets  the  line  drawn  at  right  angles  to  north 
and  south.  Join  the  meeting  point  of  these  two  lines  to  the  point 
A,  and  this  will  give  the  first  line  of  the  survey.  The  same  proce- 
dure is  followed  in  regard  to  the  other  lines,  measuring  off  all  the 
positive  latitudes  to  the  north  and  negative  latitudes  to  the  south, 
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vrhile  the  positive  departures  go  to  the  east  and  negative  departures 
to  the  west.  The  student  will  understand  this  method  more  fully  if 
he  plots  down  the  above  survey  once  or  twice,  and  works  out  the 
numbers  for  himself.     If  care  be  taken  when  getting  out  the  ordi- 


Ntyrth. 


West. 


East. 


South. 

Fio.  498.— Plotting  by  Oo-ordinatea. 

nates,  this  method  of  plotting  insures  great  accuracy,  and  is  specially 
useful  for  important  surface  or  other  survejrs. 

Fhtting  by  Gliords, — A   tied   survey  may  be  plotted   from   one 
meridian,  without  the  aid  of  a  protractor,  by  using  a  table  of  chords 


No. 


Bearing. 


Chords,  Radius  =1000.     Distance. 


(1) 

N.  lO**  K. 

174 

100 

(2) 

N.  77"  E. 

1245 

180 

(3) 

s.  e?**  E. 

1108 

184 

(4) 

s.  sa*"  E. 

892 

136 

(B) 

S.  20"  w. 

847 

42 

(6) 

S.  29"  E. 

500 

132 

(7) 

S.  42"  W. 

716 

86 

(8) 

S.  89''  W. 

1401 

78 

(9) 

N.  70"  W. 

1147 

110 

(10) 

N.  65"  W. 

1074 

106 

(H) 

N.  85"  W. 

1851 

47 

(12) 

N.  66'  W. 

1089 

120 

(18) 

N.  54*  E. 

892 

118 
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In  the  survey  already  shown  plotted  by  co-ordinates,  using  the  same 
data,  and  from  the  table  of  chords  given,  we  wotdd  have  to  draw  a 
circle  on  the  paper,  with  a  radius  preferably  of  10  in.,  and  through 
the  centre  of  the  circle  draw  a  north  and  south  line  and  an  east  and 
west  line.  With  a  pair  of  dividers  and  a  scale,  lay  off  the  chords 
along  the  circumference  of  the  circle  according  to  the  direction  of  the 
bearing.     The  chords  being  taken  from  a  radius  of  1000  would  have 

to  be  reduced  by  two 
^  decimal  places  to  plot 

with  a  circle  whose 
radius  is  10,  thus  the 
first  chord  would  be 
1*74,  the  second  12*45, 
and  so  on.  When 
the  chords  are  all 
measured  off,  the  rest 
of  the  work  is  per- 
formed in  the  same 
way  as  when  a  circular 
protractor  has  been 
used.  This  method 
of  plotting  is  not  to 
be  recommended  for 
colliery  survejing,  as 
drawing  circles  repeatedly  on  the  plan  and  pricking  off  the  chords 
would  soon  break  the  surface  of  the  paper  and  spoil  it 

CaJcrdation  of  Areas, — The  three  principal  methods  of  calculating 
plan  areas  are :  (1)  by  dividing  the  total  area  into  triangles  or 
squares;  (2)  calculating  the  area  by  means  of  ordinates;  (3)  by 
mechanical  methods,  such  as  measuring  instriunents.  The  areas  of 
coalfields  are  nearly  all  calculated  in  acres,  roods,  and  poles.  The 
statute  acre  is  equal  to  10  sq.  chains  or  100,000  sq.  links. 

Calcnlation  by  Ti'iangles, — The  plan  area  may  be  divided  into  a 
number  of  triangles,  either  right  angled  or  otherwise.  If  the  tri- 
angles are  right  angled  ones  the  calculations  are  much  simplified. 
When  the  triangle  possesses  a  right  angle  (fig.  500)  the  area 

.     base  y.pp 

If  none  of  the  angles  are  right  angles,  as  in  fig.  501,  then  an  angle 
of  90'  may  be  constructed  by  dropping  a  perpendicular  pp  from 
any  apex  on  to  the  opposite  side,  and  the  area  of  the  two  triangles 
thus  constructed  may  then  be  found  separately.  Or  if  we  have 
two  sides  and  know  the  included  angle,  as  in  fig.  502, 


Fio.  499.-  Plotting  by  Chorda. 


then  the  area  A  = 


oixsin  ac 
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When  none  of  the  angles  are  known  the  following  formula  is  used 
r'     for  calculating  the  area, 

V  A=  VS(«-a)(»-6)(«-c) 

'^     where  S  is  the  semi-perimeter  or  half  the  sum  of  the  sides.      If 
'^     logarithms  are  used,  the  formula  hecomes 

■^;  LogA  =  :{log»+log(«-o)+log(«-6)  +  log(«-c)} 


Fig.  601. 


Fio.  608. 


In  the  above  triangle,  if  the  respective  sides  a,  5,  and  c  are  1200, 
1100,  and  1000  links,  find  the  area  in  acres,  roods,  and  poles. 

HereS=l??5LtlM+1000^jg5^^ 

2 

.'.  A=  >/l650{(1660  - 1200)(1660  - 1100)(1660 - 1000)} 

=  »Jie50  X  450  X  560  X  660 


:=  V265448750000 

«     R16809'37  sq  links. 
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To  reduce  this  to  acres,  roods,  and  poles,  count  off  five  decimal 
places  thus  : —  j 

616809  J 


0*61236 
40 

24-49440 


— --^    .*.  Area =6  acres,  0  roods,  24 '49  polea. 

Or  by  logarithms 

Log  A=i{log  1660+log(1650 - 1200) +log(l 660 -  1100)+log(1660 - 1000)} 
si{8*2l74  + 2-6632 +  2*7408 +  2-81 29} 
and  Log  A=6'7119,  and  A=s616310'00  sq.  links. 

Gcdculation  by  Ordinatea, — When  the  area  to  be  calculated  has  an 
uneven  outline,  and  is  not  of  too  great  extent,  the  method  of  ordi- 
nates  may  be  used.  It  consists  in  running  a  chain  line  or  axis  through 
the  greatest  length  of  the  area  to  be  calculated,  and  taking  ofisets 
at  right  angles  to  the  chain  line.  The  ofisets  should  be  taken  sufii- 
ciently  close  so  as  to  make  each  figure  approximately  a  trapezoid, 
therefore  the  more  offsets  are  taken  the  more  accurate  will  the 
calculation  become. 

An  example  will  show  more  clearly  this  method  of  calculating 
areas. 


B 

150 

1650 

0 

182 

]800 

•  •  • 

•*• 

1248 

176 

•.• 

1159 

56 

•  •  • 

980 

188 

280 

866 

•  •  « 

202 

393 

92 

•  •• 

150 

76 

146 

45 

•  •0 

0 

0 

From  the  above  data  an  irregular  field  was  surveyed  by  running  ^ 
chain  line  through  it  from  A  to  B,  and  taking  ofisets  right  and  leftj 
By  referring  to  fig.  504  it  will  be  seen  that  the  first  offset  ou  the 
left  hand  h  is  o,  and  the  next  &j,  45  links  along  the  chain  line  is  145, 
so  that  if  we  call  the  distance  between  the  two  ofisets  ef,  the  area  o\ 

this  trapezoid  =  d  [         lj  =  45  ( — — j  =  3262-5  sq.  links,  and  sc 

on  with  the  others,  taking  \  and  b^  for  the  next  trapezoid.  We  xna^ 
avoid  the  division  by  2  for  each  trapezoid,  by  dividing  the  total  sun 
of  all  the  trapezoids  at  the  end.     Taking  the  ofisets  on  the  left  han< 
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side  first  from  A  to  B  and  the  right  hand  from  B  to  A,  we  get  the 
following : — 

(1)  45  (  0+U5)=  6526 

(2)  348  (145 +  202)  =  120756 
(8)  472  (202 +  280)  =  227504 
(4)  485  (280  + 182)  =  200970 
(5)250(182  +  150)=  88000 
(6)802(  0  +  175)=  52860 
(7)  89(175+  55)=  20470 
(8)179(  55  +  188)=  42602 
(9)587(188+  92)  =  161426 

(10)  248  (  92+  75)=  40581 

(11)  150  (  75+  0)=  11250 

967983 +  2= 483966*5  sq.  links. 
The  area  would  therefore  be  4  acres,  8  roods,  14*84  poles. 

If  the  area  to  be  calculated  is  large  this  process  would  be  tedious, 
and  areas  with  curved  outlines  can  often  be  calculated  with  su£Bcient 
accuracy  by  the  process  of  equalising  or  giving  and  taking ;  i,e,  to 
draw  a  straight  line  through  the  curved  boundary,  leaving  as  much 
space  outside  the  straight  line  as  there  is  inside  it  The  whole  area 
is  then  divided  into  triangles  and  calculated  as  already  shown. 

Galculatiori  by  Instruments. — This  method  is  now  much  resorted  to 
in  mining  engineers'  offices  for  calculation  of  plan  areas.  The  instru- 
ment for  measuring  such  areas  is  called  a  planimeter,  and  for  a  full 
description  of  these  the  reader  is  referred  to  Brough's  Mine  Surveying^ 
pp.  159,  160. 

Levelling. — In  connection  with  colliery  operations  a  good  deal  of 
levelling  is  often  required,  both  on  the  surface  and  underground. 
Levelling  is  defined  as  "  the  art  of  finding  the  difierence  between  two 
points  which  are  vertically  at  different  distances  from  a  plane  parallel 
with  the  horizon." 
I  To  find  the  difference  of  level  between  any  number  of  points  three 
methods  may  be  adduced : — (1)  Trigonometrical ;  (2)  physical ;  and 
(3)  geometrical. 

In  trigonometrical  levelling  the  lengths  and  angles  have  to  be 
measured,  this  being  usually  accomplished  by  a  theodolite,  but  it  is  a 
method  not  often  resorted  to,  except  under  exceptional  circumstances, 
such  as  when  ascertaining  inaccessible  points  on  steep  mountain  sides, 
s        Physical  levelling  is  based  on  the  change  of  atmospheric  pressure  at 
I     different  altitudes  from  the  centre  of  the  earth,  and  is  found  by  means 
K    of  the  aneroid  barometer,  which,  as  is  well  known,  records  the  vary- 
\    ing  atmospheric  pressure  at  different   heights.     With  an  ordinary 
:J     barometer  the  mercury  column  falls  on  ascending  hills  on  an  average 
about  1  in.  for  every  900  ft.  of  ascent.     This  method  is  never  prac- 
tised for  ordinary  levelling,  but  it  is  exceedingly  useful  and  much  used 
I     by  surveyors  for  ascertaining  great  altitudes  where  ordinary  levelling 
,1    would  be  impossible,  or  in  making  rough  preliminary  surveys  in  new 
j(    and  strange  lands. 
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Chometricdl  levelling  is  the  method  moet  oommonly  employed  bj 
Burveyora,  and  can  be  carried  out  with  the  different  levelling  instra- 

ments  in  use,  or  by  the  oidinary 
'spirit  level,'  which  forms  &  part  of 
all  such  instruments. 

The  instrument  most  largely  used 
in  Great  Britain  is  that  known  as  the 
'Bumpy  Level'  Fig.  505  shows  the 
construction  of  this  instrument.  ***  A 
is  the  spirit  level  attached  by  sorews 
at  a  a  to  the  telescope  BG.  The 
small  circle  near  the  object  end  B  of 
the  telescope  represents  a  small  trans- 
verse spirit  level  used  to  show  whether 
the  cross  wire  of  the  telescope  is  truly 
horizontal.  D  D  is  a  flat  bar  or  oblong 
plate  fixed  on  the  top  of  the  Yertical 
Fio.  505.  Axis  E.     To  this  bar  the  telescope  is 

attached    by   adjusting   screws   d    d. 
The  hollo>¥  vertical  axis  turns  upon  a  spindle  fixed  to  the  upper 
parallel  plate  F,  the  spindle  being  continued  downwards,  and  being 
attached  to  the  lower  parallel  plate  G  by  a  ball  and  socket  joint. 
There  are  four  levelling  screws  /,  by  which  the  vertical  axis  is  set 
truly  vertical.     The  lower  plate  is  screwed  on  the  tripod  head  H. 
The  tripod  consists  of  three  wooden  legs  similar  to  those  on   a 
theodolite.     In  some  instruments  a  compass  is  carried  on 
the  top  of  the  plate  d  d  for  taking  the  bearings  of  lines 
of  trial  sections.     The  telescope  is  similar  to  that  of 
the  theodolite,  except  that  the  diaphragm  contains  one 
horizontal  wire  and  two  parallel  vertical  wires,  as  shown 
Fig.  506.      in  fig.  506.     It  m  usually  9  to  1 4  in.  in  length,  the  lines 

within  the  telescope  being  filaments  of  spider's  web. 

AdjusHng  the  Level, — Before  proceeding  to  level  a  section  of  ground 

.the    temporary  adjustments    of    the   instrument    will   have   to  be 

ttended  to  each  time  the  level  is  set  up  in  a  new  position.     The  legs 

the  instrument  should  be  firmly  planted  in  the  ground,  and  the 

P^'Hel  plates  made  as  horizontal  as  possible.     The  levelling  of  the 

,    .    .Tient  is  accon  ^  lished  by  placing  the  telescope  with  spirit  level 

am  a^  p^.^  ^^  ^j^^  levelling  screws,  and  adjusting  the  screws  by 

1  ff'h  ^H^^*^  ^^  *^®  ^^®  direction  either  inwards  or  outwards  with 

Lx.  ^T^t     '  ^d  forefinger,  till  the  bubble  in  the  spirit  level  is  brought 
so  that  if  we  1  ^        i.u     x  i  x        j   u    •      jJii 

e  centre;  the   telescope   is  now  turned   honzontally 

this  trapezoid  =  2:le  of  180*  and  put  over  the  other  pair  of  screws, 

^evel  adjusted  as  before.  This  may  have  to  be 
on  with  the  others,  f^^j.  ^imes  untU  the  bubble  in  the  spirit  level 
avoid  the  division  b>  ^^^tre  with  the  telescope  turned  into  any  posi- 
of  all  tha  trapezoids  ai.^ .^«,^,^,  p.  165. 
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tion.  Fig.  507  shows  the  positions  of  the  telescope  during  the 
adjusting  process.  Great  care  is  required  iu  levelling  the  instrument 
properly^  and  the  operation  should  not  be  carried  out  too  rapidly. 
The  next  operation  is  to  adjust  the  tele- 
scope to  prevent  'parallax/  that  is,  to 
move  the  eye-piece  and  to  focus  until  the 
cross  wires  are  seen  with  perfect  distinct- 
ness.'* Further  adjustment  may  have  to 
be  made  in  sighting  the  levelling  staff 
and  repeated  each  time  the  sta£f  is  dbif  ted. 
The  nearer  the  object  or  staff  the  further 
the  inner  tube  must  be  drawn  out. 

Levelling  a  Section. — Levelling  is  of  two 
kinds,  simple  and  compound.  Simple 
levelling  has  only  one  line  of  collimation, 
whilst  compound  levelling  entails  constant 
changes  of  collimation.     Simple  levelling 

is  resorted  to  when  the  difference  in  height  between  two  points 
which  are  not  far  separated  is  required,  and  where  one  planting 
of  the  instrument  will  suffice.  This  is  illustrated  in  fig.  508,  where 
the  instrument  is  placed  as  near  as  possible  equidistant  between  A 
and  B,  the  two  points  the  difference  of  whose  height  requires  to  be 
determined.    The  telescope  is  first  directed  towards  A,  and  a  back 


Posit/on 


Posfhon 


Fio.  607. 


e-rs 


Fio.  508. 


sight  taken  in  which  the  line  of  collimation  cuts  the  staff  at  2*75 ; 
the  telescope  is  then  turned  round  and  directed  to  B,  and  a  foresight 
taken  in  which  the  line  of  collimation  cuts  the  staff  at  9*81 ;  conse- 
quently there  is  a  fall  in  the  ground  from  A  to  B  of  7 '06  ft.  When 
the  foresights  and  intermediate  are  greater  than  the  back  sights  the 
ground  fedls ;  if  less  it  rises  and  will  be  deduced  accordingly. 

Compound  Levelling. — When  a  long  section  of  ground  requires  to 

*  Farallaz  means  an  apparmU  change  in  the  position  of  an  object  caused  by  a 
change  in  Uie  position  of  uie  observer. 
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be  levelled,  the   undulations  of  the  ground  must  be  followed  by 

varying  lines  of  coUimation,  according  to  the  lise  or  fall  in  the  section. 

This  method  of  levelling  is  illiistratea  in  fig.  509.     The  instrument 

is  placed  between  A  and  B,  and  the  reading  of  the  back  sight  to 

the  staff  is  taken ;  the  telescope  is 
A  B  0  D  then  turned  and  a  foresight  taken 

to  B.  The  instrument  is  now 
moved  forward  to  a  fresh  position 
between  B  and  C  and  a  back  sight 
taken  on  to  the  staff  B  at  the  same 
position  as  that  at  which  the  last 
Fio.  509.  foresight  was  taken ;  the  telescope 

is  again  turned  and  a  sight  taken 
to  G.  The  instrument  is  again  shifted  forward  between  G  and  D 
and  a  new  line  of  collimation  obtained,  the  same  process  being 
repeated  till  the  whole  section  is  levelled. 

Datum  Line. — In  levelling,  a  datum  line  is  generally  selected  for 
reducing  the  levels  taken  by  the  instrument  to  one  fixed  standard 
or  relative  height  above  sea-level.  The  Ordnance  datum  is  '^the 
approximate  mean  water-level  at  Liverpool,"  and  all  levels  marked  on 
Oixlnance  Survey  plans  are  the  altitudes  in  ft.  above  this  datum.  It 
is  not,  however,  necessary  or  usual  to  adopt  the  Ordnance  datum.  Any 
height  above  the  Ordnance  datum  may  be  selected,  but  it  is  best  to 
select  the  datum  sufficiently  low  to  be  below  the  lowest  point  in  the 
section  levelled,  so  that  in  plotting  the  levels  will  all  be  positive. 

Bookiiig  the  Levels. — In  booking  the  levels  various  methods  are 
employed,  but  the  commonest  and  best  method  is  as  follows : — 


Back 
Sight 

mediate 
Sight. 

Fore- 
sight. 

Bise. 

FaU. 

Reduced 
Leveb. 

Datum. 

Distance.           Bemarka. 
links. 

9*6 

•  •  • 

•  •  ■ 

... 

•  •• 

100-00 

00*00  From  centre  of  bridge 

«« ■ 

8-80 

•  •• 

1-80 

•  «  • 

101  -80 

100*00 

•  •  • 

7-60 

•  •  • 

0-80 

•  •  • 

102-10 

200*00 

•  «  • 

6-82 

,  J 

1-18 

016 

108-28 

800-00 

•  •« 

6-48 

•  •  • 

••« 

•  •« 

108-12 

400*00 

•  •• 

6*63 

•  0  • 

0-86 

•  •  • 

108-97 

600  00 

•  ■  • 

4*20 

•  •  0 

1-48 

«  •  • 

106-40 

600-00 

•  •  ■ 

8-20 

•  •  • 

1-00 

•  •  • 

106-40 

700-00 

•  •  0 

•  •  • 

2-21 

0-98 

•  •• 

107-89 

800  00 

8-70 

7-10 

«  •  • 

1-60 

t  ■  « 

108-99 

900-00 

•  •• 

6-28 

, , 

0-88 

•  •  • 

109-86 

1000-00  Opposite  engine  hoiue. 

•  •  • 

4-86 

•  •• 

1-88 

■  •  • 

111-74 

1100-00 

•  •  • 

8-46 

•  •  • 

0-90 

«  »  0 

112-64 

1170-00  Opposite  shaft 

•  •• 

8-60 

•    •    B 

•  ■  0 

0-05 

112-59 

1200-00  2  ft  from  outside  rail 

« •  • 

8-80 

•  •   • 

0-20 

0  ■  • 

112-79 

1800-00 

0  •  • 

8*20 

•    •    • 

0-10 

•  •• 

112-89 

1400  00 

•  •  • 

••• 

2-25 

0-9.5 

•    B     • 

113-84 

1460  00  7  ft.  from  outside  rail. 

18-30 

... 

4-46 

14-06 

0-21 

118*84 

1 

4-46 

■  •  • 

•  •  • 

•  •• 

0-21 
18*84 

•  •  • 

100-00 

••• 

18  Si 

•  •• 

18*84 

••« 
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This  method  of  booking  levels  gives  more  accurate  results  than 
any  system.  It  may,  however,  be  more  compressed,  as  the  work  can 
be  tested  when  the  levels  are  reduced  ready  for  plotting.  If  the 
sum  of  the  back  and  foresights  are  added  up,  and  the  sum  of  the 
rises  and  falls  also  added  up,  then  the  difference  between  the  sum  of 
the  back  sight  and  foresight  ought  to  be  the  same  as  the  difference 
between  the  total  of  the  rises  and  falls.  The  difference  between 
the  last  reduced  level  and  the  original  datum  should  also  coincide 
with  these  two  results,  as  shown  in  foregoing  example. 

Another  method  of  booking  the  levels  may  here  be  shown,  in  which 
only  four  or  five  columns  are  used.  This  system  of  booking  is  em- 
ployed when  rapid  results  are  required  on  the  groimd,  and  can  be 
done  very  quickly  when  practised  regularly,  but  is  not  a  method  to 
be  recommended  for  students  in  general,  on  account  of  liability  to 
error. 


Instnunent 
Height. 

Sights. 

Reduced 
Lerela. 

Bemarks  and  Diatancea 

Datam. 

62-76 

12-76  B 

60-00 

On  floor  of  machine  house. 

8-10 

64*66 

On  level  of  discharging 

platforiBb 

11-26 

61*60 

At  peg. 

0 

8-70 

64*06 

78 

78-61 

1-86  F 
12*21  B 

61-40 

100 

61*40 

100 

6*80 

66-81 

120 

4-60 

69-11 

200 

4-40 

69-21 

272 

8-46 

7016 

803i 

79-79 

/   1*87  F 
\  8-06  B 

71*74 

Fence 

S08i 

^ 

71*74 

808i 

6*10 

78*69 

400 

; 

6-70 

74*09 

600 

6-70 

78  09 

600 

1 

8-60 

71-29 

700 

■ 

11-66 

6814 

800 

12*00 

67-79 

820 

70*49 

J 1810  F 

66-69 

Loading 

bank. 

I   8-80  B 

66*69 

■1 

11 

In  this  method  of  levelling  a  datum  is  selected,  as  in  the  above  at 
50,  the  instrument  is  then  directed  to  th3  staff  and  a  back  sight  taken 
of  12-75,  this  is  added  to  the  datum,  and  will  of  course  give  the 
height  of  the  instrumeut  above  the  datum  line. 

Other  intermediate  sights  are  taken  and  recorded  in  the  same 
column.  These  are  deducted  from  or  added  to  the  height  of  the 
instrument,  as  the  case  may  be,  until  a  foresight  marked  F  is  reached ; 
the  instrument  being  now  moved,  another  back-sight  reading  taken, 
and  a  new  height  obtained,  and  the  reduced  levels  worked  out  as 
before. 


488 


PRACTICAL  COAL-BilNINQ. 


« 
P* 


Plottmg  the  Levels. — When  the  levels  are  all  reduced  and  ready 
for  plotting,  a  horizontal  base  line  A  B,  fig.  510,  is  drawn  on  the  paper 

and  the  distances  ab,  be,  cd,  de^  0/,  etc,  laid 
off  to  scale.  At  distance  0,  the  fint  vertical  line 
a  a  is  drawn  at  right  angles  to  A  B^  the  height 
of  this  line  being  the  selected  datum  line  say  50 
as  an  example.  At  5,  or  73  from  a  (from 
example),  the  first  reduced  level  (bb)  is  set  up^ 
and  the  distance  54*05  marked  off.  In  the  same 
way  all  the  other  reduced  levels  are  set  up  until 
the  section  is  completed.  When  plotting  sections 
like  this,  it  is  usual  to  use  two  different  scales 
for  the  horizontal  and  vertical  distances,  the 
vertical  lines  being  drawn  to  scale  from  3  to  6 
times  greater  than  the  horizontal  distances.  By 
doing  so,  the  depths  of  cutting  and  amount  of 
embankment  are  shown  with  greater  deamess 
than  if  both  were  drawn  to  the  one  scale,  and 
requirements  can  be  ascertained 
with  much  greater  accuracy. 

Surveying  Problems.  —  The 
following  worked  examples  axe 
given,  which  may  prove  useful 
to  the  reader,  more  especially  if 
he  be  studying  for  one  of  the 
mining  examinations. 

Quaiian. — Find  the  area  of  a 
parallelogram  whose  sides  are  7 
and  15  respectively,  and  the  in* 
eluded  angle  is  30'  (fig.  511). 


5405 

69  et 


9 

? 

Id 


-,ycw_l 


73€9 


74  09 


/M«... 


iS 


^....njtSL,. 


AreasBC  x  DC  x  Sine  80*. 

Sine  of  80" =0*5000. 

.*.  Area=lSx7x5s52'6  Ana. 


(9 


Ss^ 


Fig.  611. 


Fio.  610. 


Queriion,  —  Find  the  ratio  of 
the    sides    of   a    square    to    its 
diagonal.     Find  the  length  of  side  of  square  if 
the  diagonal  is  10  (fig.  512). 


(1)  The  ratio  of  the  side  of  a  square  to  its  disgonal  is  as 

#s-      «  ^.       sideof  square..     1 
l:s/ToT  Ratio^ jv^^j -j=. 

•  *.  Diagonal  s  JS  side. 

(2)  If  the  disgonal  of  a  square  is  10,  the  side  of  square^  -t-m7*07  Ana. 

%'2 
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Question. — A,  B,  and  C  denote  the  lengths  of  the  sides  of  a  triangle ; 
how  may  its  area  be  determined  in  terms  of  its  sides  ? 


LetS= 


A  +  B  +  C 


then  area=  ^8[S  -  A)(S  -  B)(S  -  0). 


QuesHon,— The  sides  (AB,  BC,  CD,  and  DA)  of  a  field  measure 
28,  45,  60,  and  57  jaitls  in  length  respectiyelj.  The  angle  ABC 
is  a  right  angle.    Find  the  area  of  the  field  in  square  yards  (fig.  513). 


FiQ.  512. 


The  area  of  the  triangle  ABO=??iii^=.680. 


The  length  of  AC=  tJAB^+  BG^  =58. 

g  _  53  +  60  +  67  __  gg 

"         2         ■"      ' 
and  the  area  of  the  triangle  ADO  s 

^/S{S-a)(S-6XS-«)=  V85(S2}<  25x28) =1879 '8 
The  total  area  of  the  field,  therefore,  equals  1879*8 +  680 =2009*8  sq.  yda. 

Question. — The  shape  of  a  coalfield  is  rectang^ular,  the  sides  1 
mile  and  ^  mile  respectively.  It  contains  three  workable  seams  of 
coal  of  the  following  thickness  and  specific  gravity. 

Ist  seam,  3  ft.  0  in.  thick.     Specific  gravity,  1*28. 

2nd  seam,  2  ft.  9  in.  thick.     Specific  gravity,  1  29. 

3rd  seam,  2  ft.  6  in.  thick.     Specific  gravity,  1  '30. 

Required  the  average  available  amomit  of  coal  in  the  field,  after 

making  a  fair  deduction  for  loss  in  working,  there  being  no  special 

pillars  to  be  left  in. 

1  mile = 80  chains.     .  *.  area  of  field = 80  x  40 = 8200  sq.  chains 

*  8200 

1  acre =10  sq.  chains.     .  *.  area  of  field  in  acres =——  =  820. 
^  10 

The  total  tons  of  mineral  in  a  field = area  x  thickness  of  seam  in  in.  x  specific 
gravity  x  100. 

•%  total  quantit}'  in  let  seam =820  x  86  x  1*28  x  100  =  1474560  tons 
„  ,,       2nd     ,,   =820x88x1-29x100  =  1862240    ,, 

3rd 


ft 


99 


»} 


=820  X  80  X 1  -80  X  100= 1248000 


»t 


total  quantity  in  three  seams =4084800  tons. 
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Allowing  IS  per  cent,  for  faults,  bad  ooal,  and  loss  in  working,  the  total  aTaiUblo 
amonnt  will  be  ^^^^IH  "^  ^^  or  8472080  tons. 

Question, — A  seam  dips  1  in  3 ;  find  the  length  of  a  level  mine 
to  cut  a  fault  of  10  fathoms  which  intersects  the  seam  (fig.  514). 

An  approximate  solution,  asRuming  the  fault  to  be  at  right  angles 
to  the  seam* 


Fio.  514. 

If  the  seam  rises  1  in  3,  what  length  of  slope  will  give  a  rise  of 

60  ft.  ] 

60x8 


1  :  60  : :  8, 


=  180  a     .•.  A0=180ft 


.-.  AB«=AC"xB(?=V86000=1897ft  Ans. 

If  in  the  above  problem  the  mine  rises  1  in  70,  find  what  the  length 
would  be  (fig.  515). 


Fio.  616. 


Let  A  D  be  an  imaginary  level  line,  and  suppose  we  go  along  A  D  (A  to  E)  8  ft., 
then  the  line  A  C  has  risen  1  fL  above  A  D  at  &    The  line  A  B  has  also  risen 

;^ft  above  AD.     .'.1118  0;.  ABhas  parted  from  ACl-J-=^ft. 
70  *^  70    70 

If  we  gain  --  ft  in  8  ft.  how  far  must  we  go  to  gain  60  ft.t 

60x8 
67    =188-06  ft  A 0=188-06 

70  

.*.  AB'=(18806)"x(60)"« ^88787-80=196-8  ft  Ans. 
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Question. — A  seam  dips  I  in  7  towards  the  south.  Level  course 
is  N.  70**  K ;  find  the  true  beaiing  of  a  road  rising  1  in  60. 

Assume  A  C  and  A  B  to  be  of  equal  length  (fig.  516).  A  C  is  level, 
and  A  B  rises  1  ft.  in  60  ft.,  therefore  the  pomt  B  is  1  ft.  h  gher  than 


N 


Fio.  516. 

C.     Now  the  seam  is  rising  1  in  7,  and  if  it  rises  1  ft.  from  C  to  B, 
distance  C  B  must  be  7  ft. 

By  trigonometry  sinC  AB=^=^=0-1166. 

From  tables  sin  0  •1166 =6*  •42'  and  the  bearing  of  road  =  70" -6°  42'=N.  63'  18' 
E.  Ads. 

Or  let  the  diameter  of  the  circle  be  120  ft.,  then  circnmrerence=:120  x  8*1416 » 
377  ft,  nearly. 

and  877  :  7  ::  860° =6' 41'. 

To  find  bearing 

AB=N.  70  E. 
.-.  AB=N.  70*-6Ml'E. 
=N.  68M9'E. 


Fio.  517. 


Question, — A  seam  is  dipping  1  in  3  due  south,  a  road  is  driven 
N.  45''  W.  Find  the  inclination  of  road.  A  road  driven  N.  90'  W. 
will  be  leveL 

Sin  45*= 1-4142186 
If  AGs  100.  BOalsoslOOand 
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A  B=  VlOO«xlOO«=  i^/20006= 141 '42186 

100 
The  seam  is  rising  1  in  8.    .  \  B  is  i:^=8d'd  ft.  aboTe  G  and  also  88*8  ft  aboye 

o 

A ;  80  that  AB  rises  88*8  ft.  in  141*4  tt,  and  inclination sli^l^^ si  in  4*24. 

88-8 


Fio.  518. 


Questum, — A  seam  is  dipping  I  in  5  due  south.    A  road  is  driven 
N.  60'  W.     Find  its  inclination. 

N 

i\ 

a 

10' 


166' :•■    •  -^ 


Fio.  619. 

If  AO=100,  B0=60.    .-.  AB==Vl00'x50>s:lll*8,ifBC=60  and  is  dipping 

1  in  5  then  B  is  ^s  10  ft  higher  than  0  or  than  A,  so  that  AB  rises  10  ft  in 

5 

111*8  and  .%  inclination -^^=1  in  11*8  Ans. 

Qiiestion, — A  road    has   been  driven    1*  off  the  bearing.      Find 
how  much  it  is  out  in  500  ft 


Fio.  520. 


By  trigonometry  BC^ABxsin  BAOsSOOx  •0175b8*76  ft  Ana. 
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An  approximate  method  of  working  a  question  of  this  kind,  and 


Fio.  621. 

which  may  be  useful  to  students  who  have  no  acquaintance  with 
trigonometry,  may  be  explained  as  follows : — 

Let  B  G  D  be  a  circle  with  a  radius  of  500  ft.  (fig.  621). 

.  *.  The  circumference  of  this  circle =2  x  600  x  8*1416 

=  3141-6  ft. 

Suppose  the  arm  A  B  is  swung  round  a  complete  circle  it  will  have  described 
an  angle  of  860%  and  tbe  point  d  will  baTe  tiavelled  3141  *6  ft  Now,  by  pro- 
portion, if  B  travels  8141*6  ft  for  360%  how  many  ft.  will  it  travel  for  1*  t 

.-.  360'  :  !•  ::  8141*6  ft 


or 


1x3141-6 
360 


=  8-72  ft  Ans. 


This  discance,  of  course,  is  measured  along  the  arc  of  the  circle,  but  in  a  ease 
like  this  the  difference  between  the  length  of  the  arc  and  that  of  its  chord  is 
infinitesimal,  and  would  be  negligible  for  all  practical  purposes. 

Question, — If  a  road  has  been  driven  for  200  yards  and  A  is  then 
found  to  be  30  yds.  off  the  true  course,  which  must  have  been  the 
error  in  bearing  in  setting  out* 

9 


Fio.  622. 
By  trigonometry  sin  ^=-t-r 

200 
.•.sin  ^=1600 
.-.  tfs8*'88' Ana. 
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or  by  the  approximate  method  mentioned  above  we  have  a  cirde  whose  radiae  Is 
200  yds., . *.  circumfeieiue=2  x  200  x  8*1416 

=  1256 -64  ydR. 


Fio.  62a. 


But  the  circnmferenoe  la  also =860°. 

•  %  1256-64  yds.  :  80  yds.  :  :  860*^ 
.  80x860_«o«r/  A„« 


INDEX. 


Adelaide  drill,  94. 

Adit  levels,  294. 

Adjusting  screws  for  winding  ropes, 

238. 
After-damp,  855. 
Air,  composition  of,  858. 

losses  in  compressing,  124. 
throngh  friction,  126. 

moisture  in,  853. 
Air-compressors,  121. 
Air-crossings,  886. 
Air-currents,  392. 

formulse  for,  400,  401. 

guiding,  386. 
Air-pipes  for  ventilators,  892. 
Air-vessels  on  pumps,  841. 
Aitken  process  for  timber,  200. 
Alluvial  deposits,  boring  in,  20. 
Altered  rooks,  2. 
Alternators,  129. 
Ammonia,  use  of,  in  freezing,  63. 
Ammonite,  77. 
Amvis,  77. 

Anderson-Boyes  coal-cutter,  105. 
Anemometers,  404. 
Angle  method  of  working  coal,  167. 
Anthracite,  6. 
Anticlinal  fold,  2,  8. 
Aqueous  rocks,  2. 
Araeer  powder,  76. 
Argus  powder,  78. 
Atmosphere,  height  of,  854. 

Balanoino  pump  rods,  813. 

Banking  out,  440. 

Barclay  engine,  820. 

Bar  coal  cutting  machines,  108. 

Barometrical  pressure,  402. 

Barraclough  pulley,  277. 

Barring,  48. 

Bash  coal- washing  machine,  450. 

Baum  coal-washer,  458. 


Beams,  calculating  the  strength  of,  197. 

B^he,  15. 

Bedding  of  rocks,  2,  188. 

Bellite,  78. 

Bits,  forms  of,  18. 

Bituminous  coal,  6. 

Black  damp,  855. 

Blaes,  141. 

Blasting,  80. 

cost  of,  84. 
Blasting-gelatine,  78. 
Blind  coal,  7. 
Blind  pits,  264. 
Block  Drake  for  drums,  288. 
Blowers,  858. 
Blown-out  shots,  88. 
Boart  diamonds,  24. 
Bobbinite,  72. 
Boghead  or  torbanite,  7. 
Bogie  clips,  285. 
Boilers,  486. 

accidents  to,  438. 

chimneys,  440. 

evaporative  power  of,  438. 
Bord  and  pillar  method  of  working 

coal,  144. 
Bore-holes,  distance  set  forward,  26. 

lining,  18. 

surveying,  29. 

uses  of,  12. 
Boring  by  diamonds,  28. 

by  hand-]>ower,  25. 

cost  of  diamond,  25. 

cost  of  Japrinese  meth(>d,  20. 

cost  of  Mather  k  Piatt,  22. 

cost  of  spring-pole,  20. 

dangers  attending,  26. 

frame,  plan  and  elevation,  25. 

headgear  used  in,  16. 

in  almvial  deposits,  20. 

in  hard  ground,  24. 

in  ordinary  strata,  18. 
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Boring,  methods  of,  18. 

percussiTe,  18. 

preliminary  operationa  in,  15. 

removal  of  debris  in,  15. 

rods,  14. 

extracting  broken,  18. 

rotary,  23. 

speed  of,  20. 

speed  of  dlamoDd,  25. 

speed  of  Mather  ft  Piatt,  22. 

tools  used  In,  17. 

n^e  of  clinograph  Id,  29. 

chisels,  14. 
Braoehead,  14. 
Brakes,  drum,  288,  284. 
Brake  staff,  15. 
Brattice,  890. 
Briart's  method  of  fi^inj?  guides,  225. 

wheel  for  haulace,  272. 
Brick  drams  in  sinking,  48. 
Brickwork  supports  for  roads,  190. 
Brown  coal,  8. 
Bncket  pumps,  802,  308. 
Buildings.    See  Packs, 
Bulldog  powder,  72. 
Bull  pumping-engine,  819. 
Burnett's  roller  wedge,  87. 
Bum's  brake,  284. 
'Burnt 'coal,  4. 


Oablxs,  armoured,  128. 

firing,  82. 

fixing,  128. 

shaft,  128. 
Cage,  speed  of,  281. 

^nides,  224. 

iron  or  steel,  226. 

props,  289.     See  also  Kepa, 

rope  or  rod,  227- 

wood,  224. 
Cages,  228. 

double-decked,  280. 

for  inclined  shafts,  282. 

safety,  287. 

single-decked,  229. 
Caking  coal,  6,  7. 
Calorific  power  of  coal,  9. 
Cambrite,  75. 
Cannel,  7. 

Capacity  of  pumps,  298,  817,  847. 
Cappell  fan,  876. 

Capping  for  winding  ropes,  216  etaeg. 
Carbon,  352. 

dioxide,  855,  856. 

monoxide,  857. 
Carbonic  acid  in  mines,  855. 
Carbonite,  75. 


Carboretted  hydrogen,  858. 
Carriage  for  tubs  on  inclinea,  865. 
Cast-iron  props,  186. 
Catch  block,  284. 
Centrifugal  fans.    See  Fatu, 

pumps.    See  Pumps, 
Chain  and  staple  balance,  219, 
Chain  coal  cutters,  107. 
Chain  wheel  for  haulage,  278. 
Chains  in  measurement,  472. 

strength  of,  218. 
Champion  coal  cutter,  118. 
Charles's  law,  124. 
Chesneau  fire-damp  indicator,  426. 
Chisels  for  boring,  14. 
Chlorate  explosives,  74. 
Chloride  of  calcium  in  freeadng,  64. 
Choke  damp,  855. 
Chutes,  167,  168. 
Circular  shafts,  32-42, 
Circumferentor,  460. 
Clanny  safety  lamp,  416. 
Clarke  k  Steavenson  coal  cutter,  108. 
Classification  of  coals,  6. 

of  explosives,  71. 

of  rocks,  2. 
Clearance,  loss  of  air  by,  125, 
Cleats,  188. 
Cleavage  of  rocks,  2, 
Clinograph,  29. 
Clips.    See  Haulage  dips. 
Close  drifts,  ventilation  of,  891. 
Clowes's  fire-damp  indicator,  428. 
Clydite,  76. 
Coal,  analysis  of,  7-9. 

borine,  12. 

calorific  power  of,  9. 

characteristics  of,  6. 

classifications  of,  6. 

definitions  of,  6. 

formations  of,  5. 

in    other    formations    than    the 
Carboniferous,  5. 

in  New  South  Wales,  5. 

rocks  associated  with,  5. 
Coal-cleaning  arrangements,  447-469. 
Coal-oatting  by  madiinery,  97-118. 
Coal-cutting  machines,  ohiain,  106. 

classification  of,  99. 

choice  of,  114. 

conditions  suitable  for,  116. 

Disc,  100. 

Gillott  &  Copley,  100. 

Harrison,  112. 

Ingersoll-Sergeant,  111. 

Jeffrey,  107. 

power  for,  117. 

Bigg  k  Meiklejohn,  101. 
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Cottl-oatting  maohinas,  Stanley,  90. 

SullivaD,  112. 
Coal  meaanrea,  5. 
Coal-Bcreeninff,  447. 

fixed  inclined  acreen,  447. 

reyolviog,  448. 

ahaking  or  jigging,  448. 
Coal  tar  for  timoer  preaervation,  201. 
Coal  waahing,  448. 
Coffering,  41. 
Colliery  plans,  466. 
Compasses  ased  in  surveying,  460  et  seq. 

variations  of,  461,  462, 
Compressed  air,  121. 

m  sinkinji^,  68. 
Compressed  air,  loesea  in,  129. 
Condiiotors.    See  Ouidea. 
Conqueror  drilling  machine,  91. 
Cores  in  boring,  23. 
Cornish  boilers,  436. 

engines,  319. 
Corves,  248. 

Cost.    See  nnder  Boring,  Coal  euUing, 
Connterbalanoing,  219. 

chain  and  staple,  219. 

pump  rods,  318. 

tail  rope,  220. 
Creep,  147. 

Creosote  for  preserving  timber,  200. 
CrofWn,  diamond,  in  boring,  28. 
Crow's-foot  grapnel,  18. 
Crush,  147. 


Dahmbkite,  78. 

Darlington  drill,  98. 

Datum  line,  486. 

Davey's  differential  pump,  826. 

Davy's,  Sir  H.,  safety  lamp,  416. 

Definition  of  explosives,  71. 

Detonators,  79. 

Devonian    formation,    occurrence    of 

coal  in,  5. 
Diamond  boring,  28  tt  seq, 

cost  of,  25. 
Dip,  angle  of,  2,  8. 
Direct-actinff  steam  pumps,  818. 
Direct  rope  haulage,  266. 
Double -decked  cages,  280. 
Double  plunger  pump,  346. 
Doable  stall  system,  171. 
Down-throw  nult,  8. 
Drift  process  of  coal  formation,  6. 
Drilling,  cost  of,  92. 
Drilling  machines,  Adelaide,  94. 

Conaueror,  91. 

Darlington,  93. 

Ingersoll,  96. 


Drills  for  rocks,  91 

hand,  91. 

machine,  92. 

ratchet,  91. 
Drum,    distance   of,    from   oantre   of 

shaft,  210.    See  also  WtnOimg. 
Drum  brakes,  238. 
Drum,  methofd  of  sinking,  48. 
Dry  compressors  for  air,  121. 
Duty  of  pumping  enginea,  848. 
Dykes,  8,  4. 
Dynamite,  74. 
Dynamos,  129. 

Babth*8  orust,  composition  of,  1. 
Efficiency  of  electrical  transmission, 

181. 
Electric  detonators,  86. 

lampa  for  mines,  426. 
Electrical  terms,  186. 
Electricity,  firing  shots  by,  81. 

for  power  transmission,  127. 

hama^^e  bv,  182. 

pumping  by,  188. 
Electronite,  78. 
Elevators,  446. 
Elliot's  coal  waaher,  461. 

multiple  wedge,  S7. 
Elliptical  shafts,  31. 
Endle^a  rope  haulage,  76  et  seq, 

cost  of,  290. 
Engines.     See  HatUage  engineSy  Pump- 

ing  engines.  Winding  engines. 
Equivalent  orifice  of  mines,  881. 
Evan's  safety  lamp,  422. 
Evaporative  power  of  fuel,  10,  11. 
Expansion  joints  for  pumps,  297. 
Explosive  gases  in  mines,  867  et  seq. 
Explosives,  71-79. 

blasting  gelatine,  78. 

chlorate  mixtures,  78. 

classification  of,  71. 

dynamite,  74. 

gunpowder,  72. 

list  of  permitted,  76. 

nitro-compounds  containing  nitro- 
glycerine, 78. 
not   containing  nitroglycerine, 
77. 

safety,  74. 

selection  of,  74. 

various  patent,  76. 

Fans,  878. 

Cappell,  876. 
compressing,  880 
cost  of,  386. 
dimensions  of,  880,  882. 
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Fans,  GdiImI,  878. 

qoantity  of  air  deliyend  by,  882. 

Schiele,  375. 

selection  of,  879. 

speed  of,  885. 

temporary,  daring  shaft  sinking, 
68. 

Waddle,  875. 

Walker,  877. 
Faults,  8,  4,  13. 
Fayersham  powder,  78. 
Felspar  ooal  washer,  456. 
Fire-damp,  858,  861. 

detection  of,  362. 

explosions,  precantions  against,  80. 
Fish-plate  for  iron  sets,  188. 
Fisher's  clips,  282. 
Fissures,  8. 

Flame  communication,  84. 
Flaming  coal,  7. 
Formation  of  coal-fields,  5. 
Formulae   for   air-currents   in   mines, 
400,  401. 

for  fan  ventilation,  382. 

for  gradients,  253,  264. 

for  haulage  problems,  292,  293. 

for  pumps,  317,  846. 

for  sizes  of  pipes,  299. 

for  sizes  of  pump-rods,  809. 

for  sizes  of  ropes,  217,  218. 

for  size  of  winding-engine,  244. 

for  strength  of  chains,  219. 
Freezing,  methods  of  sinking  by,  62, 
63. 

tubes  used  for,  68,  64. 
Friction  detonators,  80. 

on  rails,  248. 
Fuel,  evaporative  power  of,  10. 
Furnace  ventilation,  866  et  seq. 
Fuses,  safety,  80,  81. 

Galloway's  scaffold,  85. 

doors  for  sinking,  45. 
Garland,  38. 
Gas  ooal,  6,  7. 
Gas  vents,  868. 
Gases  in  miues,  850  et  uq, 

carbon  dioxide,  855,  856. 

carbon  monoxide,  857. 

carburetted  hydrogen,  358. 

sulphuretted  hydrogen,  858. 
Gauge  for  haulage  roads,  248. 
Geared  pumpiug-engines,  818,  322. 
Gelatine,  blasting,  78. 

dynamite,  74. 
Generators,  electric,  129. 
Oillott  and  Copley  coal  cutter,  100. 
Girders  for  road  supports,  190. 


Glands  for  pit-bead  frames,  906. 

Goaf,  140,  149,  177. 

Gobert's  method  of  sinking,  62. 

Goolden  bar  machine,  109. 

Gore  pit,  138. 

Gradients,  formnle  for,  253,  264. 

Oradins  Boivenfy,  169. 

Gray  safety-lamp,  419. 

Grooved  pulleys,  278. 

Guibal  &n,  378. 

Guides,  Briart's  method  of  fixing,  225. 

for  cages,  224. 

iron  and  steel,  225. 

rope,  227. 
'     wood,  224. 
Gunpowder,  72. 
Gywnne  pump,  837. 

Hade,  8. 

Hand  drills,  91. 

Hang-fire  shots,  81. 

Hanging  scaffold  for  lining,  84. 

Hanson  clips,  288. 

Haulage,  247-298. 

arrangements  at  pit-bottom,  253. 

automatic  detacher,  282. 

brake  arrangement,  289. 

branch  roads,  269. 

Briart's  wheel,  272. 

by  stationary  engines,  265. 

carriages  for  tubs,  265. 

chain-wheel  for,  271. 

cost  of  various  systems,  289. 

direct  rope,  265. 

driving  pulley,  277. 

formulffi  for  gradients,  258,  264 

horse  roads,  258. 

horse  traction,  252. 

laying  roads  for,  218. 

manual  labour  for,  252. 

main  and  tail  rope,  266. 

staple  pits,  264. 

tubs,  268. 

working  branches,  269. 

working  curves,  274. 

working  landings,  288. 
Haulage  clips,  280. 

bogie,  285. 

Fisher's,  282. 

Hanson's,  288. 

Humble's,  288. 

Rutherford  and  Thomson's,  284. 

Smallmau's,  288. 

Ward  and  Lloyd's,  284. 
Haulage  engines,  265.  See  also  Engines. 
Haulage  inclines,  256. 

cut-chain,  258. 

self-acting,  256,  262. 
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Haulage  pnlleys,  277»  278. 

Brian's,  272. 

roller,  286. 
Haulage  roads,  catch  block  for,  284. 

rails  for,  247. 
Haulage  ropes,  guides  for,  267,  268. 

kuock-offs,  267. 

pulleys  for,  277. 

shackle  for,  268. 

speed  of,  271,  279. 

tightening,  279. 
Haulage  systems — 

endless  chain,  271. 

endless  rope,  275. 

main  and  tail  rope,  266. 
Heading  machine,  99. 
Heenan   ft   Fronde's    rotary    tippler, 

444. 
Height  of  atmosphere,  854. 
High  explosives,  71. 
High-lift  centrifugal  pump,  887. 
Holing  (at)ps,  140. 
Hooks,  Kine  and  Hnmble's,  283. 

Walkert,  235. 

West's,  286. 
Horizontal  pumping  engine,  821. 
Hordes,  keep  of,  254. 

stables  for,  255. 
Humble's  clips,  283. 
Humus  in  relation  to  origin  of  coal,  6. 
Hurd  bar  machine,  109. 
Hurdle  screens  in  veutilation,  891. 
Hutches,  248. 
Hydraulic  keps,  242. 

pumps.     See  Pumps. 
Hydrogen,  352. 


loNEOUs  rocks,  2. 

Inclined  seams,  159. 

Inclines.     See  HavZage  inclines. 

Induction  currents,  463. 

Ingersoll  drill,  95. 

Iiigersoll-Sergeaut  coal  cutter,  111. 

Injection  compressors,  122. 

Iron  and  steel  road  supports,  cost  of, 

186  et  seq. 
Iron  cylinders  used  in  sinking,  49. 

fuides,  225,  226,  227. 
eps,  239. 
kibble,  65. 
pithead  frames,  202. 
props,  86. 
riders,  66. 

ropes  for  winding,  212. 
sets  for  roads,  186. 
supports  for  roads,  186. 
tubs,  248. 


Japanese  kettle  catch,  20. 
method  of  boring,  20. 
Jeffrey  coal-cutter,  107. 
Jig  brow  haulage  tackle,  256. 
Jiggers,  280. 
Jizai  Kagi,  20. 
Jointing,  188. 
Junction  boxes,  129. 
Jurassic  formation,  coal  found  in,  5. 

Kasblowskt  pump,  882. 
Keps,  239. 

hydraulic,  241. 

Stouss,  239,  241. 
Kibbles,  65. 
Eieselguhr,  74. 

Kind-Ghaudron  system  of  sinking,  54. 
Kind's  plug,  19. 
King  and  Humble's  hook,  236. 
Koepe's  system  of  winding,  221. 
Kriickel,  61. 
Kynito,  76. 

Laboxtr  for  machine  cutting,  116. 

Lagging,  182. 

Lamination  of  rocks,  2. 

Lamps.     See  Safety  lamps. 

Leyelling,  483. 

Lifts,  length  of,  in  pumps,  316. 

Lignite,  6,  8. 

Li  pes,  175. 

Lippman's  method  of  sinking,  59. 

Longwall  method  of  working,  137,  149. 

length  of  walls,  139. 

ripping,  139. 

spragging,  140. 

width  of  roads,  139. 

working  thin  seams,  142. 

See  also  MetJiods  of  Working, 
Loose  ground,  driving  through,  182. 
Liihrig  and  Coppee  coal  washing  ma- 
chines, 454. 

Machine   drills.      See  Drilling  ma- 
chines. 
Machines,  boring,  91. 

coal -cutting.       See    Coal-euUing 
marines. 

winding.    St-e  Winding  machines. 
Magnetic  declination,  461  et  seq. 

dip,  464. 

meridian,  461. 

needle,  460. 

ridge  lines,  461. 

storms,  464. 
Main  and  tail  rope  haulage,  266. 
Mains,  electric,  127. 
Mammoth  pumps,  66. 
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Manaat  aafety  lamp,  817* 

Manh  gas,  868. 

Masonry  lining  for  shaftSi  84. 

Mather  h  Piatt  system  of  boring,  21. 

Mather  &  Piatt's  pump,  337. 

Measarements,  472. 

Mechanical  coal  cutters,  98. 

veutilation,  373. 

wedges,  87. 
Metamorphic  rocks,  2. 
Methods  of  sinking  by  biiok  drams 
49. 

Gobert'Sp  62. 

iron  cylmders,  49. 

Kind-Chandrou,  54. 

Lippmann,  59. 

fiie-driving,  47. 
*oetsch,  64. 

special,  47. 

Triger,  58. 
Methods  of  washing.    See  Coal  wash- 
ing. 
Methods  of  working,  angle,  167. 

bord  and  pillar,  144. 

double  stall,  169. 

longwall,  187. 

panel,  151. 

pillar  and  stall,  144. 

single  stall,  169. 

special,  152. 

stoop  and  room,  144. 

thick  seams,  172. 

vertical  seams,  163,  165. 
Millstone  grit,  5. 
Mine  gases.     See  Oases  in  mines. 
Minerals  associated  with  coal,  5. 
Miocene  deposits  of  coal,  5. 
Miss  shots,  81. 

Moisture  in  air  of  mines,  853. 
'  Monkey'  knock-ofif,  268,  270. 
Moor  rock,  5. 

Moore's  hydraulic  pump,  381. 
Moss  box,  57. 

Moss,  wet,  for  cartridges,  84. 
Motors,  electric,  180. 

for  compressed  air,  121. 
Mueseler  safety  lamp,  418. 
Murton  coal  washer,  451. 
Mushroom  yalve  for  compressors,  124. 


Kbw  South  Walks,  coal  in,  5. 
New  Zealand,  coal  iu,  5 
Nitro  explosives,  71. 
Nitrogen,  852. 
Nobel  Ardeer  powder,  7C 

carbonite,  75. 
Non-caking  coal,  6,  7. 


Oak  corbs  for  lining  sbaflB,  S2. 
Ordnance  datnm,  466. 
Origin  of  coal,  6. 
Outcrop,  2. 

Orerwinding,  automatio  appantm  for 
preventing,  2-13. 
prevention  of,  284. 
Oxygen,  352. 

Packs,  189. 

Panel  system  of  working,  151. 

Parrot  coal,  7. 

Pattberjp  system  of  sinking,  59. 

Percussive  boring,  18. 

machines,  109. 
Permitted  explosives,  list  of,  75. 
Pieler  fire-damp  indicator,  424. 
Pile  driving,  47. 
Pillar  and  stall  method,  144. 

direction  of  pillars,  148. 

mode  of  extracting  pillars,  149. 

siie  of  pillar,  147. 

width  of  stsll,  148. 
Pipes.    See  Compressed  air,  Pumps, 
Piston  pumps,  824. 

Pit-bottom,  arrangement  of,  251,  253. 
Pithead  frames,  202. 

glands  for,  205. 
Pithead  pulleys,  231. 
Plant,  electric  failures,  181. 
Plotting,  474  et  seq. 
Plunger  pumps,  815. 
Poetsch's  method  of  sinking,  64. 
Power,  transmission  of,  119. 

by  compressed  air,  121. 
electricity,  127. 
hydraulic  power,  119. 
rods,  119. 
steam,  119. 
wire  ropes,  119. 

cost  of  various  systems,  185. 
Preservation  of  timber,  199. 
Pressure  of  air  in  shafts,  865. 
Problems  in  surveying,  488. 
Props,  steel,  185.    See  also  K^n. 
Protector  locks  for  lamps,  429. 
Protractors,  475. 
Pulleys,  haulage,  277,  278. 

pit-head,  231. 
Pulsometer  pnrap,  884. 
Pumping,  294. 

adit  levels  for,  294» 

by  tanks,  294. 

electric,  133. 

siphons  for,  295. 
Pumping  engines,  818. 

Bull,  819. 

Coruiih,  819. 
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PaiDpin/^-engines,  direot-aoting,   821, 
822. 

duty  of,  848. 

geared,  822. 
Pamp-roda,  304. 

bang>pieceB,  811. 

cleats,  810. 

connections,  811. 

counterbalancing,  818. 

formule  for  sizes  of,  809. 

guides  for,  810. 

methods  of  balancing,  809. 

West  and  Darlington's  balaDce, 
814. 
Piimpfl,  296. 

air  vessels  for,  841. 

arrangement  of,  844. 

backet,  802. 

calculation  of  capacity  of,  817. 

capacity  of,  847. 

centrifugal,  836. 

Davey's  differential,  826, 

double  plunger,  846. 

duty  of,  843. 

expansion  joints  for,  297. 

fittings  for,  804,  813. 

formiu»  for  sizes,  817. 

hydraulic,  881. 

Kaselowsky,  882. 

length  of  lift,  816. 

length  of  stroke,  817. 

piston,  824. 

pipes  for,  297  et  seq, 

plunger,  316. 

Eulsometer,  834. 
iedler's,  826. 
Riedler's  differential,  829. 
sinking,  389. 
sizes  of  pipes  for,  298. 
speed  o^  817. 

steam,  direct-acting,  818,  326. 
supports  for  pipes  for,  298. 
thicKness  of  pipes  for  valves  for, 
800.     See  also  VcUveB. 

Rails  for  haulage  roads,  247. 

supports,  187. 

influence  of,  on  magnetio  needle, 
464. 
Rectangular  shafts,  48. 
Reyersed  fault,  4. 
Rheinpreussen  Colliery,  60. 
Riders  for  kibbles,  66. 

for  wood  conductors,  67. 
Riedler's  pump,  826. 

differential  pump,  329. 

valye  for  compressors,  128. 
Rigg  ft  Meikl^ohn  machine,  101. 


Ring  curb  in  sinking,  88. 

Ripping,  141. 

Roads,  brickwork  supports  for,  190. 

iron  supports  for,  186, 190. 

securing,  with  masonry,  192. 

supporting,  180. 

width  of,  m  long  wall,  189. 
Roa<lway8,  timbering,  180. 
Robbing  pillars,  149. 
Robinson  washer,  463. 
Roburite,  78. 
'  Rock.'  definition  of,  1. 
Rock  drilla     See  DrilU. 
Rocks,  deayage  of,  2. 

division  of,  2. 

stratification  of,  2,  i. 
Rod  guides,  810. 
Rods  for  boring,  18. 

power  transmission,  119. 
Roofs,  good  and  bad,  176. 
Ropes,  flat  stoel,  218. 

iron,  218. 

wire,  218. 

adjusting  screws  for,  288. 

cappings  for,  216. 

care  of,  214. 

countorbalancing,  219. 

Ufe  of  214. 

size  01,  217. 

spring  coupling  for,  228. 

strength  or,  216. 

tests  for  winding,  214. 

weight  of,  218. 

SeeJTauto^,  Winding, 
Rotary  boring,  28. 
Rotary  wheel  coal  cuttors,  100. 
Rutherford  and  Thomson's  dip,  288. 


Safett  cages.    See  Cages, 

Safety  explosives,  74. 

Safety  fuses,  80. 

Safety  hooks  for  winding.     Sea  Hooks, 

Safety  lamps,  416-434. 

Ghesneau  indicator,  426. 

Clanny,  416. 

Davy,  416. 

electric,  426. 

Evan,  422. 

fire  damp  indicators,  428* 

Gray,  419. 

hydrogen  indicator,  428. 

Marsaut,  417. 

Mueseler,  418. 

Pieler  indicator,  424. 

Stephenson,  417. 

Stokes'  indicator,  426. 

Thomas  s,  422. 
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Safety  lamps,  Wolf,  420. 

Wolf-Dablmauu,  421. 

cleaning,  488. 

construction  of,  427. 

cost  of  upkeop,  428. 

definition,  416. 

filling,  434. 

lighting,  484. 

lighting  power  of,  427. 

locking  contrivances,  429. 

protector  lock,  429. 

testing,  480. 

trimmug,  488. 
Safety  riders,  67. 
Sand,  wet,  for  cartridges,  48. 
Scaffold,  Galloway's,  35. 

hanging  for  lining,  34. 
Schiele  fan,  875. 
Scotch  cannel,  7. 

Scotland,  Carboniferons formation  in, 5. 
Sedimentary  rocks,  2. 
Setting  props  at  face,  177. 
Shackle  for  haulage  ropes,  268. 
Shaft,  ascertaining  oeutre  of,  210. 

cables,  128. 
Shafts,  sinking  of  circular,  88-48. 

enlarging,  69. 

fixing  steam  pipes  in,  120. 

form  of,  81. 

oak  curbs  for  lining,  38. 

sites  of,  31. 

size  and  number  of,  81. 

teuipoiary  lining  of,  32. 

Youtilation  of,  during  sinking,  68 

wood  lining  for  shafts,  48. 

sinking,  30. 

accessories  to,  65. 

fixing  timber,  43. 

Galloway  system,  35. 

temporary  lining  for,  88. 
Short-circuiting,  127. 
Shot  firing  by  electricity,  81. 
Siding  accommodation,  435. 
Single  decked  cages,  229. 
Single  stoll,  169. 
Sinking  by  freezing,  62,  63. 

metho<ls  of.     See  Afethods. 

preliminary  operations,  32. 

pumps.     &de  Pumps, 

scaffolds,  35,  86. 

speed  of,  43. 
Sinking  and  walling  simultaneously, 

35. 
Sinking  wall,  62. 
Siphons,  295. 
Sleeve  for  road  supports,  189. 

collar  in  boring,  22. 
Sliding  joint  for  boring  toob,  18. 


Sludgers,  15. 

Smaliman's  dip,  288. 

Smokeless  coal,  6. 

Sole-piece  for  rail  supports,  191. 

Specific  gravity,  351. 

Spears.     See  Pump  rod$, 

Spragging,  140. 

Spray  compressors,  122. 

Spring  attachment  for  winding  ropes, 

228. 
Spontaneous  combustion,  157. 
Spouts,  161. 
Square  work,  172. 
Stables,  255. 
Stage  compression,  121. 
Stanley  heading  machine,  99. 
Staple  pits,  266. 
Stauss  keps,  239. 

Steam,  losses  in  underground  convey- 
ance of,  120. 

use  of,  underground,  119. 
Steam  pipes,  fixing,  in  shaft,  120. 
Steam  pumps.    S^  Pumps. 
Steel  props,  185. 

rails  for  road  supports,  186. 
cost  of,  187,  188. 

ropes  for  winding,  212,  218. 

sets  for  roads,  180. 

tubs,  250,  251. 
Stephenson  safety  lamp,  417. 
Stepping  the  chain,  474. 
Stokes's  fire-damp  indicator,  426. 
Stone  coal,  7. 

Stoop  and  room  working,  144. 
Strata,  dislocation  of,  8. 

inclination  of,  2. 
Stratified  rocks,  2. 
Strength  of  pillars,  195. 
Stroke,  3. 
Stythe,  355. 
Sullivan  machine,  112. 
Sulphur,  852. 

Sulphuretted  hydrogen,  358. 
Surface  arrangement,  435-459. 
Surveying,  460-495. 

bore  nolea,  29. 

definition,  460. 
Sussman  electric  lamp  for  mines,  426. 
Symbols,  351. 
Synclinal  fold,  8. 


Tail  rope,  counterbalancing,  220. 
Tai>ed  cables,  128. 
Tapping  waste  workings,  26. 
Temperature  at  centre  of  eartli,  1. 
Temporary  lining  for  shafts,  8'J. 
Tender  roo&,  175. 
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Terms,  electrical,  lJt6. 
Tertiary  deposits  of  coal,  5. 
Thick  seams,  working,  172. 
Thomson's  calorimeter,  10. 
Three-cored  cables,  128. 
ThroQghers,  161. 
Timber,  cost  of,  184.' 

crushing  strains,  195. 

formula  for  strength  of,  198. 

tensile  strength  of,  197. 

preservation  of,  199. 

preservation    by   Aitken   process, 
200. 

preservation  by  creosote,  200. 

preservation  by  coal  tar,  201. 

preserved,  durntion  of,  201. 

specific  gravity  of,  196. 

varieties  of,  177. 
Timbering,  175,  184. 

at  face,  177. 

at  machine  face,  116. 

Continental  methods,  181. 

roadways,  175  ^  seq. 

See  also  Spragging,  Hood*,  etc 
Tipplers,  442. 

rotary,  442. 
Tonge's  hydraulic  cartridge,  89. 
Trams,  260,  251. 

Transmission  of  power.     See  Power. 
Trap    doors  for  ventilating  currents, 

387. 
Trap  doors,  automatic,  888. 
Travelling  belts,  444. 
Trepans,  55,  57. 
Triger's  method  of  sinking,  53. 
Trough  coal-washing  machine,  451. 
Trough  fault,  8. 
Tubbing,  88. 

corrosion  of,  41. 

formulsB  for  finding  thickness  of, 
40. 
Tubes  for  lining  bore-holes,  18. 
Tube,  248  el  eeq. 


UifDBROBOirND  cables,  128. 
Underground  surveying,  460. 
Unstratified  rocks,  2. 
Upthrow  fault,  8. 


Yalye-oeab,      Davey's     differential, 

826. 
Vces,  3,  18. 
Ventilation,  350-414. 

air  crossings,  886. 

air  currents,  392,  400. 

air  pipes,  892. 


Ventilation  by  falling  \rater,  866. 

by  fans,  cost  of,  870. 

bi-attices  used  for,  890. 

close  drifts,  391. 

during  shaft-sinking,  68. 

furnace,  366. 

cost  of  fuel  for,  370. 
problems,  formulae  for,  S67, 
369. 

guiding  currents,  386. 

hurdle  screens,  892. 

natural,  364. 

position  of  furnace,  372. 

problems,  fans,  882. 

size  of  fan  required,  382. 

speed  of  air  in  upcast,  372. 

trap  doors,  887. 

See  also  Fans, 
Vernier  compass,  4'JO. 
Vertical  Cornish  pump,  341. 
Vertical  seams,  working  of,  162,  169. 
Visor,  248. 
Voltages,  129. 

Waddle  fan,  374. 
Walker's  detaching  hook,  235. 
Walker  fan,  377. 
Walling  crib  or  cradle,  34. 

roads,  184-195. 
cost  of,  184. 
Wrtrd  and  Lloyd's  clip,  284. 
Washing  coal,  448-459. 

bash  washer,  450. 

Baum's,  458. 

Elliot's,  451. 

felspar,  456. 

Liihrig  k  Copp^e's,  451. 

Murton's,  451. 

Robinson's,  453. 

trough,  451. 
Water  cartridge,  89. 

cart,  409. 

ring,  38. 

tapping  waste  for,  26. 

vapour  in  air  of  mines,  353. 
Wedges,  mechanical,  87. 

Bnmett's,  81. 

Elliot's  multiple,  87 
West's  hook,  236. 
Westfalite,  79. 
Wet  compressors,  122. 

moss  for  cartridges,  84. 

sand  for  cartridgrs,  84. 
White  damp,  357 
Winding,  202. 

Koep^'s  system,  221. 
Winding  drums,  232. 
Winding  engines,  207,  248 
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Winding  engines,  position  of,  210. 

seats  for,  212. 

speed  of,  210. 
Winding  ropes,  212,  216. 

dressings  for,  215. 

life  of,  214. 

lubricating,  214. 

quality  of  wire  for,  218. 
Wire  ropes.     See  JUapes. 
Wolf  safety  lamp,  420. 
Wolf-Dahlmann  safety  lamp,  421. 


Wood  chooks,  178,  179. 

for  pithead  frames,  202. 

guides  for  cages,  224. 

preparation  of,  for  lining,  46. 
Wooa   and  Burnett's  rotaiy  tippler, 

442. 
Wooden  kibbles,  66. 

rods  for  boring,  14. 

tubs,  250. ' 
Working,  methods  oil    See  Methods  cf 
yHtrking, 
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